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m (54) Title: PROCESS FOR PRDDUONO SUBSTANTIALLY AMORPHOUS PROPYLENE-BASHD POLYMERS 

If) 

*^ (57) Abstract: A process fior producing substantially amorphous propylene (co)polymBrt, comprising contacting propylene option- 
2 ally in the presence of one or more olefins under polymeiizadon conditions wiUi a catalyst system comprising: A) a iialf sandwich 

titanium complex wherein tiie cyclopentadienyl is sobslitated with one or two heterocyclic rings; according to formola (I): cf formula 
O (I) ia claim 1: whereinX is N or P; Zis C. Si or Oe; Y^ is an atom selected from tiie group consisting of NR''. O. PR' or S; Y*is 

selected £rom the group consisting of CR' or Y^ and m is 0 or 1 and B) an activating cocatelyst The above titanium complex and 
^ the Ugand useful as intermediates in their synthesis are also described. 
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PROCESS FOR PRODUCING StJBSTANlIALLY AMORPHOUS PROPYLENE- 
BASED POLYMERS 

Ibe present iiiveatioii relates to a new faigh yield process for produdzig substantially amoiplious 
piopylene-based polymers having hi^ molecular weights. The invention also relates to the novel 
class of metal conipleTces used in &e above-mentioned process^ as well as to Ihe ligands useful as 
intemiediates in the synthesis of said metal conq)leKes. 

Metallocene compounds are well-known in the state of the art as catalyst components in olefin 
polymerization reactions, in associafion with suitable cocatalysts, such as alumoxanes or 
ahaninmn dCTvatives. For instance, EP 0 129 *368 discloses a catalyst system for the 
polymerization of olefins ownprismg a bis-cyclopenfadienji coordination complex with a 
trmsition therein flxe two cydopentadimyl gro^xps may be- linked by a divalent bridging 
. group, such as an ethylene or a dimethylsilandiyl gcovpp. 

Another class of polymerization catalysts inown in flie state of the art are the bridged 
cyclopentadienyi amido catalysts, which usually include monoc^lopentadienyl titardum 
confounds activated by an alumoxane or other suitable cocatalysts (see for instance EP .O 416 
815 and EP 0420 436). 

The international patent q)pIicalion WO 98/22486, in the name of fee same Applicant, describes 
bridged and unbridged metallocenes comprisnig at least a coOTdinating groicp containing a six tc 
electron central radical, directly coordinating a transition metal atom, to which are associated one 
or more radicals containing at least one non carbon atom selected from B> N, O, Al* Si, P, S, Ga, 
Ge, As, Se, In, Sn, Sb and Te. Said metallocenes are useful as catalyst components for the 
production of polyethylene and polypropylene. 

The international patent application WO 98/37106 describes a polymerization catalyst system 
comprising a catalytic complex formed by activating a transition metal coropound wbich 
con^>rises a group 13, 15 or 16 heterocyclic fused cyclopentadienide ligand and a metal sdected 
from tiie group consistmg of Group 3-9 and 10 metals; said heterocyclic fused cyolopentadieoide 
ligand preferably contains, as endocyclic hetWDatoms, one or more B, N, P, O or S atoms. 
The international patent application W6 99/24446, in the name of the same Applicant describes 
laidgBd and unbridged metallocenes comprising at least a heterocyclic cyclopentadienyl group of 
one of the following formulae: 



I 
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whereda one of X or Y is a single boncJ, the oflier bong O, S, NR or PR, R bdng hydrogea or an 
hydrocarbon gro^5>;R^R^ and R^ are hydn>gsn, halogen, -R, -OR, -OCOR,-SR,-M^ a 
is 0-4. These metallocenes may be used as catalyst coisponeats in the polymenzaticai of oldSns, 
particnlarly in the pocodnction of homo and copol^janers of ethylene. 

The jiryt^«K»Ttfll applications WO 98/06727' and WO 98/06728 descdbe respectively 3- 
hetdroatom and 2-hdm>atom subsiibted cydopentadierryl-containing metal complexes, use&l 
as catalysts fixr olefin polymedzatian; more specifically^ these CQng>leKe8 contain a heteroatom- 
Q> bond, respeotivQly in the 3-positicm and l-position of Ihe Cp^ and are used for pr^epaimg 
etirylena/1-octeaie copolymers. 

The Applicant has now unesqjectedly found a new class of metaUocene conQ>onnds useful as 
catalyst components in propylene polymerizadoni able to produce higli molecular weight 
sabstairtially amorphous propjdoie (co)polymers in Mg^ 

An object of the present invention is a process for producing substantially amorphous propylene 
homppolymsrs cn: copolymers coraprising contacting propylene, optionally in the presence of 
one or more olefins selected from ftie groiip consisting of ethylene, a^ha-olefins of formula 
CH2==CHR' wherein R' is a linear or brandied C2-C10 alkyl or non conjugate diolefins containing 
up to 20 carbon atoms, under polymerization conditions with a catalyst sj^em comprisiag: • 
A) a titanium complex of formula (1): 
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Wherrim is titanium; 
Xisaxstrogmorphosphcsrous atom; 
^ Z is a C, Si or Ge atcxm; fhe groirps equal to or diSbrent fiom eacb oUier, are selected 
Sxm fhe group consisgng of hydzogeo, linear or branched, saturated or xmsaturated Ci-*C2o 
alkyir Cs-Cio cycloalkyl, Cs-Cm aryl, CrC^ aftylaiyl and C7-C20 arylalkyi radical q>tioii^y 
containing Si or hetearoatoros belongmg to gro^s 13 or 15-17 of the Periodic Table of flie 
Elements, or two gtoi5)s fern togelher a 04^57^1^ 

is'an atom selected fiom ftie group consisting of NR\ oxygen (O), PR^ or sulfiir (S), 
wherein ttie gconp R^ is selected fiom the groxip consisting of linear or bzanched, saturated or 
unsaturated, Q-C20 alM* Ce-Cao aryl sad C7-C20 aiylalkyl radical; 

fhe groups R^ and R^ ,equal to or different from each other, are selected from fhe group 
consisting of hydrogen, halogen, -OR, -OCOR, -OSO2CF3, ^R, -NR2 and -PR2, wheroin 
R is a linear or branched, saturated or imsaturated CrCao alkyl, C3-C20 oycloalkyl, 06-020 
aryl, C7-C20 alkylaryl or C7-C20 arylalkyi radical; two R can also form a saturated or 
imsaturated C4-C7 ring, prefearably R is methyl, ethyl, n-propyl, isopropjd, n-butyl, t-bxityi, 
phenyl, p-nrbutyl-phenyl or braizyl radical, or R^ and R^ form, a condensed aromatic or 
aliphatio C4-C7 ring that can be substituted with one or more R^ groups wher^ is 
selected from fee groiq) consisting of halogen, -R, -OR, -OCOR, -OS02C3?3, -SR, -NR^ smd - 
PRa, wherein R has fee meaning reported above, or two vicinal R^ gronps form togettier a 
condensed aromatic or aliphatic C4-C7 ring; 

fee groups R^ R^ and R^ equal to or different from each ofeer, are selected from fee group 
consisting of hydrogen, halogen, -R, -OR,' -OCOR, -OSO2CF3, -SR, -NR2 and -PRg, whecein 
R has fee meaning reported above, or R^ and R"^, R"* and R^ or R^ and R^ form togettier a 
condensed CrQ ring that optionally can be substituted wife one or more R groiqjs; 

3 
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the group R is selected from tbe groizp consisting of a linear or bianclied, saturated or 
unsaturated C1-C20 aBcyl, Ce-Cao aryl and CrCao arylalkyl radical, optionally containing 
heteroatoms belonging to groups 13 or 15-17 of the Periodic Table of the Elements; 
. the substituents L, equal to or different from each oflier, are monoanionic sigma ligands 
selected from the gcoxip consisting of hydrogen, halogen, -R, -OR, -OCOR, -OSO2CF3, -SR, 
-NRs and -PRa^wherdnR has the meaning r^orted above; ' ■ 
• is selected fixm the group consisting of CR^ or Y^;an^ 
mis Oor 1; when Jhegroiq^Y^ is a CR^groxq) mis 1 and the 6 membered ring formed is an 
aromatic benzene ring when Y^ is different from CR^ m is 0 and the carbon atom bonding 
the R^ gtoup is directly bonded to the cyclqpentadienyl rmg and Ibe zing formed is a 5. 
memtbered zins when m is 1 the conipoimd of fonnuk (I) has the following formula 




(la) 

and when m is 0 the compound of formula (T) has the foDowing fomula (lb); 




.(lb) 

wherda U X, Z, Y', m. R\ R^ R^ R*, R^ R^ and R^ have the xneamng reported above; 
and 

(B) an activating cocatalyst 

The present iavention fiiiQier ccmcems a titaaium complex of fonnula Q, as repoited above, as 
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weQ as l^ie corresponding figand of &inmla (IQ; 



r2 













(H) 

wfaereaa 2; Y', jn, R*, R^ R^ R*, R*, R* and R* have the meaning reported above; the 
above Hgands are particularly nsefiil as mtemediates in the prspanttion of ihe titanium 
con^lcKes of fbimula (I), accozding to the invention. ■ ' . 

The titanium coo^kx of fiomula (Q may be suitably nsed according to-&e present invention in. a 
compleKed form, Sac exang>le in the presence of a coordination molecules such as Lewis bases. 
Prefiaawi compleses of fisnnula (J) are those belonging to flie fcllowing fliree classes (1), (2) and 
P), havii^greq>ectivdy facraula (HI), (IV) and (V). 
Class CI) 

Titamim complexes betonging to class (1) have the fblbwiag finmok (H^ 




wherdn X, Z, Y\ L, R\ R^ R^ R* R*, R* and R* have flie meaning iqKnted above with fh© 
proviso fhatR^ andR^ do not fbm a condensed aromatic or aliphatic C4-C7 ring. 
Frdferably in the tilamum cdnpleKes of fbrmula (HI): 

X is a nitrogen atom; the divalent bridge >ZSi\ is preferably selected fiom flie groiq) consisting 
of dimethjflsilj^ dq)henyisilyl, diethylsilsd, di-n-propylsilyl, di-isopropylsilyl, di-n-butyl-silyl, 
di+butyi-silyl, di-nrheayisilyl, ethyhnefhylsilyl, n-heocyhnethylsUyl, cyolopeotamethylenesilyl, 
cydotetramethylenesilj^ cydotrimethylenesilyl, methylene, dimethyhnethylene and 
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diethylmeihylme; mareprskrably» it is dimeliiylsilyl, dxpheaykilyl or dzme&ylmeflxylene; 
Y4s N-meth54, N-eliiyl or N-phenyi; 

and ,equal to or differ«it &om each otber, are selected fix>m the group consisting of 
hydrogen, halogen, -R, -OR, -OCOR, -OSOzOFa, -SR, -NR2 and -PRj; more preferably is 
hydrogen methyl, ethyl, propyl or phenyl; and R^ is hydrogm methyl or phenyl; even more 
preferably is hydrogea or methyl; ' . 

R"^ and R^ are hydrogen; 
R^ is hydrogen, mefhoxy or tertbutyl; 

R^ is selected &om the group consisting of methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, 
phenyl, p-n-butyl-phenyl, benzyl, cyclohexyl and cyclododecyl; more preferably R^ is t-rbutyl; 
the substitamtB equal to or dififerent fiom each other, are preferably halogen atoms, linear or 
branched, satorated or nnsaturated C7-C20 alkjdarjd, Ci-<^'alkyl giroiips or OR wherein R is 
described above; more preferably the substitoents L are 01, ClfcCeHs, OCH3 or CH3. 
Non limiting examples of complexes of fomxula (Id) are: 




and the oorrespoiiding 1itanii3TT! dichloiide or dimethoxy complexes. 

The titaxHum con^lexes bdangmg to class (1) cmi be prepared starling fiom the ligand of 
fotmulaCina) 
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wherein X, R^ R^ R^ R^ and R^ haye the meaning reported abova 

Class (2) 

Titanium complexes of class (2) have the fouowing formula (Tv) 




wlierem X Z, Y^ L> R\ R^ R^ R^ R^, and R' have the meaning reported above and k ranges 
fiom 0 to 4. 

Prefeably in the titanium cxmplKes of formula (IV): 

X is a nitrogen atom; the divalent bridge >ZR^2 is selected fix>m the group consisting of 
dime&ylsilyi, diphenylsiljd, diefhylsiljd, di-n-propylsilyi, di-isopxopyisilyl, di-n-butyi-silyl, di-t- 
butyl-silyl, di-n-hexylsilyl, efhyhnethylsilid, n-hexyhnethylsilyl, cyclopentamethylenesilyl, 
cyclotetramethylenesilyl, cyclotrimethylenesilyl, methylene, dimethyhnethylene and 
diethylmethylene; even more preferably, it is dimethylsilyl, diphenylsilyl or dimethyhnethylene; 

is N-meth}4, N-efliyl or N-phenyl; 
k is 0 or 1 and R^ is 2-methyl, 2-isopropyl and 2-^er^-butyl; 

R^ is selected from the groiq) consisting of methyl, ethyl, n-propyl, isopropyl, n-butyl, t-btityl, 
phenyl, p-n-butyl-phenyl, benzyl, cyolohexiyl and cyclododecyl;'more preferably R^ is t-butyl; 
R*, R^ and R^ are hydrogai atoms; 
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&e substitueats L, equal to or difFerent fiom each oliier, are halogen atoms, linear or branched, 
saturated or unsaturated Ci-Ce alkyl, C7-C20 allc>daryl groups or OR wherein R is defined above; 
more preferably the substitueirts L are CI, CH3, OCHs or CH2C6H5, * 
Non ^iTHiting exairples of titanium, conrplexes of &nnula (N), according to the present 
inveotiQn, are the ^Howmg: 




and the correspooding titanium dimethyl or dimethoxy complexes. 
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The titaimnn complexes belonging to class (2) can be prepaied starting &om the ligand of 
formula (IVa) 



wherein X Z,Y\ R\ R*, R^ R^ R^ R^ and k have the meaning reported above. 
Class C3) 

TitanitDtn complexes belonging to class (3) have the following fomrilfl (V): 




(V) 

whsrein X, Z, L, Y\ , R\ R^, R^ R^ R^ and R^ have the meaning reported above. 
Preferably in the titaniinii complexes of formula (IV): 

X is a nitrogen atom; the divalent bridge >ZR^2 is preferably selected from the group consisting 
of dimethylsilyl, diphenylsilyl, diethylsilyl, di-n-propylsilyl, di-isopropylsilyl, di-n-butyl-silyl, 
(K-t-butyi-silyi, di-n-hexjdsiljd, ethyhnethylsilyl, n-hexyhnethylsilyl, cyclopentamethylenesilyl, 
cyclotetramethyleaesilyl, cyclotrimethyleiiesiiyl, methylene, dimethyhnethylene and 
diethyhnethylene; even more preferably, it is dimethylsilyl, diphmylsilyl or dimethyhnethylene; 
bvo are the same group; more preferably they are NR^ or S; 

R^ is hydrogen, methyl, ethyl, propyl or phenyl; and R^ is hydrogen or R^ and R^ form a 
condensed benzene ring ^ can be substituted vdt^ 

R^ is hydrogen and R^ is hydrogen methyl, ethyl, propyl or phenyl or R* and R^ foim a 

condensed b^ene ring that can be substituted with one or 

10 
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is preferably selected fix>rQ the group consisting of methyl, ethyl, n-propyl, isopropyi, n-butyi, 
t-butyl, phenyl, p-n-butyl-phenyl, benzyl, cyclohexyl and cyclododecyl; more preferably is t- 
but3d; 

fh© substituents equal to or different ftom eadi other, are preferably halogen atoms. linear or 
braiDched, saturated or tmsaturated CrCzo ancylaiyl, Ci-Ce iMkyl groi^ps or OR; more preferably 
Ihe substituents L are CI, CH2C6H5. OCH3 or 
Non iiTrriting e3tanq>les of complex of foramla (TV) are: 
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• and the corresponding titardum dicU 

The titanium complexes belonging to class (3) can be prepared starting from the ligand of 
formula (Va) 

'12 
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. ' (Va) 

wherein X, Z» Y\ B.\ K\ R^R^ R^ and R* have the meaning reported above. 

Hid Ugaads of fbnntaa (II) can be prepared by a process oon?«iaing ihe Mowing steps: 

i) reacting a compomi of fijrmnla (VI): 




(V3) 

whoranY\ ni» Y*. R^R^R^R^ and R"* have Ihemeadngieported above, 
with at least one eejoivalent of abase such as hydroxides and hydrides of alkali metaJs or 
alka^iereaxthmetals, metallic Bodimn and potassium or oiga^ 
ba.thili(3rimn» mefliilifliiam, and flian contacting the obtained compoand wifli a conqjonnd 
of fonnula ^\Zi^y wherwh R^ and Z have the meaning reported above, is a 
halogen atom preferably cMoriae and Y* is ah halogen atom preferably chlorine or a 
groTq)Rtowher«nR*andXhavethemeainngreportedabove and His hydrogen; 
ii) if Y* is an halogen atom, reactmg Ihe obtained product with a compound of fornmla 
R'^XHa wherdn R* and X have the meaning repotted above and H is hydrogen arid 
recovering Ihe product 

Concponnd of fonmila VI can be jnr^ared according to general procedures knoym in the state 
of the art, starting ftom commercially obtainable products or from derivatives which can be 
prepared by known methods. Synthesis of compounds of formula (VI) can be found for 
example m WO 99/24446, BP 99204566. EP 99204565 andPCT/EPOO/13191.. 
The ligand can be finally purified by general procedures known in the state of the art, suoh as 
crystallization or dnromatography All the steps are carried out in an aprotic solvent that can 
be a polar or ^olar solvent Not limitative examples of aprotic polar solvents which can be 
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used in the above process are tetrahydrofurane, dimethoxyethane, diethylether and 
dichloromeiiiane. Not limitative examples of apolar solvents suitable for the above process are 
toluene, pentane, hwcane and benzene. The temperature in the various stops is preferably kept 
between -ISO'^C and 80^C, and more preferably between -20'*C and 40*^0. 
The titanium ccHiiplcsices of fiarmula® can be prepared by first reacting a ligand of formula (II), 
prepack as described above, with a compound able to form a delocalized dianion, such as 
hydroxides and hydrides of alkaUmetali^ or alkaline-earth metals, metallic sodium and potassium 
or orgaQolitbhm compounds such as butylifhium, mefhylitMum, on the cyclopentadienyl ling 
and on the group X, and thereafter with a compound of formula TiL*4, wherein the siibstitaents 
L* are halogen or -OR, vvfeerein R has Ihe meaning reported above. Non limiting examples of 
conqpounds of formula TiL*4 are titanium tetrachloride and titamum tetramethoxy. j 
According to a prefeired method, a ligand (II) is dissolved in an aprotic polar solvent and. at least 
two equivaleats of an organic lithium compoxmd are added. The thus obtained anionic compound 
is added to a solution of the compound TiL'4 in an aprotic solvent At the end of the reaction, the 
solid product obtained is separated from the reaction mixture by techniques commonly used in 
the state of the art Non limiting examples of aprotic polar solvents suitable for the above 
reported processes are tetrahydrofurane, dimethoxyethane, diefhyiefher and dichloromethane. 
Not lamiting examples of apolar solvents suitable for the above process are pentane, hexaae and 
toluMie. During the whole process, the tmipeirature is preferably kept between -180^C and 80^C, 
and more preferably between -20''C and 40°C. 

AH the above processes are carried out in inert atmosphere such as nitrogen. 
Titanium compounds of formula Q in which at least one L substituent is different from halogen 
can be conveuienlly prepared by methods known in the state of Ihe art for exan^le, such 
compounds may be obtained by reacting the dihalogeuated metallocene with alkylmagnesimn 
haKdes (Gxignard reagents) or with fithrumalksd c^ 

When one or both L substituents are alkyl, the above titanium complexes (!) can be conveniently 
obtained by reacting directly a ligand of formula (JI) with at least one molar equivalent of a 
conq)pund of formula TiCU, in 1h© presence of at least 3 molar equivalents of a suitable 
alkylating agent; said alkylating agent can be an alkaline or alkaline-earth metal, such as dialkyl- 
iifhium, dialkyl-magnesium or a Grignard reagent, as described in WO 99/36427 and WO 
00/75151. 

An alterDsdve process for preparing titanium complex of formula 0) ^ which both L 
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substitueats are OR groups comprises to prepare ihe titaniinn con^lex of feimula (I) in wMcih 
two L groups are R and then contact Ite obtained complex with oxygen. The resulting derivative 
having as L substituents two OR groups shows a better stabiHty than Hie correspondait R 
substitJitBd caaplex. and therefore fhey can be stored for a long time without losing activity. 
Suitable acttvating cocatalyst according to fte process of the invention are alumoxanes or 
compounds able to finm an alkyi nietalloceoe catioiL 

Alumoxane usefiil as cocatalyst CB) niay be linear ahanoxanes of the formula (VJJ): 



RlOs 



RIO 

Ai( (vn) 

y RIO 



RIO 

^Alr-o|-Al— O- 
RlO^ 

wherraa R'° is selected from flie gcoxtp consisting of halogen, linear or branched, saturated or 
unsaturated Ct-Ca, alkji CrCa. cydoalky], (VC20 aryi, CrCao aJkylaryl and C7-C20 arylalkyl 
radicals and y ranges fonn 0 to 40; 
or cyclic alumojuoMS of the fbrnnila (VnD: 



r'° 



.__i]_o._ cm 

_ Jy 

whnrdm R^'* has ftie meaning described above and y is an iirtegec rangng fi^ 
The above alumoxanes may be obtained according to procedures known in the Ozio of Hie art, by 
reacting wate with an wgano-aluminum con^wund of fonmila AlR'^s <^ with the 

COTdMon that at least one R^" is not halogen. In tins case, the molar ralios of Al/water in the 
reacfion is conqirised between 1:1 and 100:1. Particulariy suitable are the organometaBic 
ahmnnum conq)Ounds of formula (U) described in HP 0 575 875 and those of fommla <n) 
described in WO 96/02580. Moreover, suitable cocatalysts are those described in WO 99/21 899 
andinPCT/EPOO/09111. 

The molar ratio between akmiinum and the metal of the titanium complex is comprised between 
about 10:1 and about 5000:1, and preferably between about 100:1 and about 4O00:i: 
Examples of alumoxanes suitable as activating cocatalysts in the process of &e inventiorx are 
melhylalumoxane (MAO), tetix-isobutyl-alumoxane (TBAO), tetra-2.4,4-tTimethylpenlyl- 
alumoxane (HOAO) andtetra-2-methyi-pentylalumoxane. Mixtures of different alumoxanes can 

alsobeused. • 

IS 
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Not limiting aair5)les of dinnii^ 

1iis(md!hyl)aluamTO • tris^sobiilyOaluminmn, . 

tris(wooctyl)8toi±i^ bis(isobxityl)almniiwm hydride, 

mefhyl-43iB(^bi3lyl)aliiiimtii^ dimethyl(i5obufyl)aauiim^^ 
trisCisohexyOafaminn^ 1ris(beazyl)duininum, 
tris(tolyl)alunsiDMin, tris(2,4,4-tiime&ylpentyi)alumin^ 
bis(2A4-tiindhylpeiifyl)aluim^ isobutyl-4>is(2-phmyl-propyl)dmma^ 
dusobTityi-<2-phea5d-propyl)alinm^^ isobutyl-bis(2A4-trime&yl-pen^alu^^ 
diisobii!yl-(2,4,4"trimefhyl-peatyi^ 

tris(2,3,3-teimethyl-but>i)altii^ tr:s(23-<Sme&yi-butyI)aliTT^tiT im, 
tris(23-dime1hyl-p^tyl)altiiim^ tris(2-meaiyl-3-eFthyl-pentyl)alu^ . 

tiis(2-ethyl-3-met]i3d-butyl)dimm^ tris(2-e%l-3-methyl-pentyi)almnk 
tris(2-isopiopyt3-mefbyl-brEtyl)alumm and tris(2,4-dimethyl-heptyl)aluininun^ 
Partiaularly ' preferred aluminim ccmpoxmds are trimelhylaluminum (TMA), 
tris(2,4,4-trime^ylpentyl) alimircum (TIOA), triisobutylalimiinm (TIBA), tris(2,3,3--iiim©fhyl- 
biityi)alu2ninuni and tris(2^-diniefbyi-butyi)ali3minim 

Mixtures of different organometallic aluminmn compounds and/or alumoxanes can also be used- 
In the catalyst system used in ftie process of the invention, both said titanium complex and said 
aiumoxane can be pre-reaoted wifii an organometallic aluminum compound of formula AJR^^3 or 
AlaR^^ei wherein R^^ has the meaning reported above. Pre reaction time can vary j&om 20 
seconds to 1 hour, pMerably from 1 minute to 20 miuutes. 

Furflier activating cocatalysts suitable as component (B) in the catalysts of fte invention are 
those compounds cspable of fomnng an alkjdmetallocene catioiy preferably, said compounds 
have formula Q^V, wherein is a Br0nstBd acid capable of donating a proton and of reacting 
iirevsrsibly wilh a sobstituent L of the compound of formula (T), and W* is a compatible non- 
coordinating anion, c£q)able of stabili2ang the active catalytic species which result from the 
reaction of the two compounds, and which is sufBcienfly labile to be displaceable by an olefinic 
substrate. Preferably, the W anicai comprises one or more boron atoms. More preferably, the 
anion W" is an anion of formula BAi4^'\ wherein the Ax substituents, equal to or different from 
each other, are aryl radicals such as phenyl, pentafluorophenyi, bis(trifliioromethyl)ph.enyL 
Tebrdds-pentafluorophenyl-borate is particularly prefenred. Moreover, compounds of formula 
BAra can be convedently nsed. 
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The catalysts system of the present invaition can also be supported on an. inert carrier 
(support), by depositing the titaniiim complex (A), or the reaction product of tiie titanium 
complex (A) with the cocatalyst (B), or lie cocatalyst (B) and successively the titanium 
complex (A), on the inert support, such as silica, alumina, magnesium halides, olefin polymers 
or prepolymas (i.e, polyefhylenes, polypropylenes or styrene-divinylbsnzene copolymers). The 
fims obtained supported catalyst system, optionally in the presence of allgrlaluminum 
con?)ounds, dfhsc untreated or pre-reacted with water, can be usefully employed in gas-phase 
polymerization processes. The solid conopound so obtained, in combination with fiarflifir addition 
of the sSkyi almninum compound as such or prereacted with water, is usefully employed ia gas 
phase polymorizatioa 

The polymerization yield depends on the purity of metallocenes in the catalyst; the metaHooene 
according to the present invention may be used as such or may be previously subjected to 
purification treatments. 

Catalyst ccanpaneaits (A) and (B) may be suitably contacted among them before the 
polymerization. The contact time may be comprised betv/een 1 and 60 mmutes, preferably 
between 5 and 20 minutes. The prw^ontact cOTcentrations for the titanium complex (A) are 
conqxrised between 0.1 and 10"* mpl/1, whereas for the cocatalyst (B) Ihey are conqjrised 
between 2 and KT* mol/L The precontact is generally carried out nr the presence of a 
hydrocarbon solvent and, optionally, of small amounts of monomer. 

The catalysts of the present mvendon are pardculariy advantageous in propj^ene polymerization, 
wherein they give substantially amorphous propylene polymers witii hi^ activities. When iii the 
compounds of formula (I) is NR7 and prrferably the compounds of formula © belong to 
classes (1) and (2), the propylene polymears obtained with fee process of the invention have 
predominantly syndiotaotic structure. The syndiotacticity of a polyolefins can be conveoiently 
defined by the p^ent contmt of n triads, as described m L. Resconi et al, CJhemical Reviews, 
2000, 100, 1253. When in the compounds of fonnula (T) is MR' and preferably the 
. compounds of formula (I) belong to classes (1) and (2), the propylene polymers obtained with 
the process of the present invention typically have triad contents in the range 60 - 80 %, raore 
preferably 65 - 75 %. Their syndiotacticity is not high enough to produce substantial ciystallirdty 
(as measured by DSC), but it is high enough to generate resiliency in the polypropylene. 
Being substantially void of crystallinity, flieir melting, enthalpy (AH£) is preferably lower than 
about 20 J/g and even more preferably lower than about 10 J/g. 
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A ftffflier interesting use of the catalysts according to the presoit inveiitian is directed to tiie 
preparation of piqpylene-based copolymers^ wherdb suitable comonomers are e£bylene, alpha- 
olefins of formula CEfe=CHR* wherein R' is a linear or branched, C2-Cio alkyl such as for 
example l-butesQe» l-pentene» l-hexene, 4-mefhyl-l<-p.entene, non conjugate diolefins containing; 
up to 20 carbon atoms, for examples said diolefins can belong to the formula GH2=CH-<C!R"2)h- 
CR"2=CR" wherein R** is hydrogen or a linear or branched, Ci-Cio alkyl and h ranges Scorn 1 to 
1S> such as 1,4-heJcadieaae, 1,5-bexadiene, 2-me£hyl-l,5-hexadiene, 7-meth3i-l,6-octadiene, 1,7- 
octadiene, and the Uke or said olefins can be noibomene or its derivatives sodi as 5-ethylideae-2- 
noibomene. 

The preferred ranges of composition depend pa flie type of polymer desired, and on the type of 
polymaization process employed. For example, in liie case of amorphous copolymers of 
propylme with ethylene, such as those described in EP 729984, the content of ethylene ranges 
from 1 to 35% by moles preferably from 5 to 20% by moles. In the case of ethylene/propylene 
elastomers the content of propylene ranges from 20 to 80 wt %, preferably from 70'to 30 wt ^o, 
while in etfaylene/piopyiene/diene elastomers the content of the dieae, whidi preferably is 
ethylidenenorbomene or 1,4-hexadiene, range from 0.5 to 5 wt %. 

Moreover, the molecular weigiit of the polymers can be varied by changing the polymerization 
tOTperature or the type or the concentration of the catalyst components, or by using molecular 
weight regulators, such as hydrogen, as well-fcnown in the state of the art Hie molecular weight 
of the propylene-based polymers may be also easily controlled by copolymerizing small 
amounts of ethylene, ' ' . 

The polymerization process according to the present invention can be carried out in gaseous 
. phase or in liquid phase, optionally in the presence of an inert hydrocarbon solvent either 
aromatic (such as tolume), or aliphatic (such as propane, hexane, hqptane, isobutane and 
cyclohexane)* 

The'polymerizadon t em p er at u re ranges from about 0 ®C to about 180 **C, preferably from 40 *C 
to 120 ''C, more preferably from- 60 ''C to 90 ""C. 

The molecular weight distribution can be varied by using mixtures of different metallocenes or 
by carrying out Ihe polymerization in various steps differing in the polymerization temperature 
and/or in the concentration of lie polymerization monomers. 
The foUowing examples are reported for illustrative and not limiting purposes..' . 
GENERAL PROCEDURES AND CHARACTERIZATIONS 
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AH operations wiere performed under nitrogen by using conventional Schlenk-line techniqiies. 
Solvents were purified by degassing with Nj and passing over activated (8 hours, N2 purge, 300 
*Q AI2O3, and stored under nitrdgm. The cooatalyst was a oommercial MA.0 from Witco AG 
(10 % wt solution in tolTiBne)Me2SiCN4e4Cp)(NtBu)Tia2 was purchased from Witoo AG. 
*H-NMR 

The proton, spectra of ligands and metallocenes were obtained using a Bruker DP!X: 200 
spectrometer operating in the Fourier transfimn mode at room temperature at 200,13 MHz* The 
samples were dissolved in CDCl^, CDzCk, QDe or C6D5CD3. As a reference, the residual peak 
of CHas, CHDQa, C^sR or CeDsCHs in Ihe speotca (7.25 ppm, 535 ppm, 7.15 and 2,10 
ppm respectively) were used Proton spectra were acquired with a 15® pulse and 2 seconds of 
delay betweCTi pulses; 32 transients were stored fer each spectrum. AH NMR solvmts were dried 
ovor activated molecular sieves, and kept under nitrogen. Preparation of the samples was carried' 
out under idtn^gen ^lsi^g standard inert atmosphere techiu 
^C-NMR 

Carbon spectra were obtained using a Bruker DPX-400 spectrometer operating in the Fourier 
transform mode at 120 ''C at 100^61 MHz* The samples were dissolved in C2D2CI4. The peak 
of the mmmm pentad in the ^^C spectra (21,8 ppm) was used as a reference. The carbon 
spectra were acquired wrii a 90^ pulse and 12 seconds of delay between pulses. About 3000 
transients were stored for each spectrum. The ethylene content was determined according to 
Kakugo, Y* Naito, K. Mizunuma, T. Miyatake, Macromolecules 1982, 15, 1150. The 1- 
butene content was deteiinined from the diad distribution, from the Saa carbons, as described 
in J.C. Randall, Maoromolecules 1978, 11, 592. 
GC-MS 

GC-MS analyses were carried out on a HP 5890 - series 2 gas dhronaatograpb and a HP 5989B 
quadrupole mass spectrometer. 
VKCOSITY MEASIIREMENTS 

The intrinsio viscosity (LV.) was measured in tetrahydronaphtalene (THN) at 135°C. . 
Hie polymer molecular wei^ts were detomined from the viscosity values. 
DSCANALYSIS 

Melting point and heat of fusion measurements were carried out on a Peiidn Elmer DSC -7 
instrument by heating the sample from 25 °C to 200 **C at 10 ''Cymin, holding for 2 min at 200 
•^C, cooling from 200 to 25 at 10 ^C/min, holding for 2 min at 25 ^C, heating from 25 
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to 200 at 10 ^Cfmcu TTae reported values are those detennined jaromtfae secood heating scan. 
Tg values were detennined on a DSC30 Metller instrument equipped with a cooling device, by 
the sample fiom 25 "^C to 200 at 20 ^Ctein, holding for 10 min at 200 '^C, cooling 
fiom 200 to -140 % holding for 2 min at -^140 heating ftom -140 :**C to 200 "^C at 20 
**C/inin. The reported values are those determined fiom the second heating sotl 
Example 1; 

synthesis of dimethylsilyI(tert-batylamido)(N-fflethyl-2-methyl-5,6-d^^ 
b]indol-6-yI)dimethyl titaninm (B-l) 




First JS^thetic route 

(a) Synthesis of 2-methyl-5,6-dihydroindeno[2^^ 

All operations were carried out in air, with . out-of-the bottle solvents and reagents: 
isopropanoU RPE Carlo Etba (99%); 2-indanone, Chenrisdhe Fabrik Berg (98%); p-tolyl- 
hydrazine hydrochloridB, Aldrich (98%). 

In a 1-L japfceted glass reactor (Btlchi) wilh magnetically driven, three blade stirrer, connected 
to a thennostat for temperattro control, were csharged 85.0 g of .2-indanone (M:w=132,16, 0.63 
mol), 102.0 g of i?-MeC6H4NHNH2-HCl (Mw=158.63. 0.63 mol) and 0.5 L of f-PrOH. The 
Ihick suspension was warmed to 80 °C m about 30 minutes and the slurry darkened to dark 
brown under stirring. The mixture was stured at 80 °C for 1 hour and then was cooled to 
room temperature in about 30 minutes. 

The slurry was siphoned into 12 L of water containing 1.5 equivalents of NaHCCb, thus 
obtaining a fine dispersion of a dark green product (no heat evolution was observed)- The 
slurry was then filtered on a G3 frit, washed with water, dried in air under moderate vacuum, 
then in the rotating evaporator at 80°C and finally under high vacuum (mechanical pump). 
121.2 g of the target product were obtained wifli a yield of 87.3% (purity of 99.6 % by G.C.) 
^H-KMR (CDCI3. 5, ppm): 2.52 (s, 3H, CH3); 3.70 (s, 2H, CH2); 7.01-7.66 (m, 7H, Ax); 8.13 
(bs,lH,iV-H). 

(b) Synthesis of N-metfayI-2-methyl-5,6-dihydroindeno[2,l-b]indole 
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10.2 g of 2-inefliyl-5,6-dihydromdeDo[2,l-b3mdole (Mw=219.28, purity 99.6%, 46.33 mnol), 
obtained as reported above, Were dissolved in 100 mL of l.S-dioxolane (Aldrich) at room 
temperature. 5.42 g of fert-BuOK (Fluka, 97%, Mw=112.22, 46.85 mmol) were then added; 
the solution changed color fi»m green to dad: brown and was stirred at room temperature for 
10 minutes; then 2.90 mL of Mel CMw-141.94, d-2.280, 46.58 mmol) were added. After 15 
minutes of stiiring, a solid started forming. Stinrog was continued for 1 hour, then the 
reaction mixture was poured into water containing 4 g of mUCL The formed soHd was 
isolated by filtration and dried in vacuo, to obtain 9.5 g of the target product as a 
adcrociystalline brown soUd in pure state, witix a yield of 86.3% (purity of 98 2% by G.C.). 
»H-NMR (CDCI3, S. ppm): 2.52 (s, 3H, CH3); 3.68 (s, 2H, CHj); 3.78 (s, 3H, JV^-CHj); 7.02- 

• 7.64(m.7H,Ar). . . . : 

(c) Synthesis of .cWorodimeftyl(N-meHiyl-2-me£hylr5,6-dihydroindenp[2,l-b^ 

yl)sfiane 

9.5 mL of a 2 J M solution of «-BuLi m hexane (23.75 mmol) were added dropwise to a 
solution of 5.1 g of N-methyi-2-m6thyl-5,6-dihydroindeQo[2.1-b]indole, obtained as reported 
above, (purity 98.2%, Mw=a33.32. 21.46 mmol; indenoindole: ji-BuLi .= 1:1.1) in 70 mL of 
THF, previously cooled to -78°C. At the end of the addition, the brown solution-was allowed 
to warm up to room temperature and stirred for 6 hours. Theu it was cooled again to -78°C 
and added dropwise to a solution of diohlorodimethylsilane (Mw=129.06, d=1.064, 2.6 mL, 
21 .43 mmol; indenoindole: Me2SiCl2 = 1 :1) in 20 mL of THF, previously cooled to -78°C. At 
the ead of the addition, the reaction mixture was allowed to warm up to room temperature and 
stirred ovaniight. The solvents were evaporated undo: reduced pressure to give a brown sticky 
solid, which at the ^H-NMR analysis resulted to be the target product, with few by-products. 
The product was used in the subsequent step without further purification. 
^H-NMR (CPCI3. 5, ppm): - 0.13 (s, 3H, Si-CHj); 0.48 (s, 3H, Si-CHs); 2.53 (s. 3H, CH3); 
3.44 (s, IH, CH); 3.88 (s. 3H, N-CS3); 6.90-7.71 (m, 7H, Ar). 

(d) Synthesis of ^dhnethyIsayKtert-butyIamino)]N-methyl-2-metkyl-5,6- 

dihydroindeno[2A-b]lndoIe 
3.96 g of cWorodimethyl(N-mefliyl-2-methyl-5,6-dihydroindeno[2,l-b]mdol-6-yl)silane 

^w=325.92, 12.15 mmol), obtained as described above, were dissolved in 50 mL of toliiene 
and added at-78''C td a solution of /-BuHHj (3.0 mL, Mw=73.14, d= 0;696, 28.55 mmol) in 
20 mL of toluene. At the end of the addition, the reaction mixture was allowed to warm up to 
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room teEDperature and stiired for 2 days to give a blade suspension, which was filtered to 

remove the anmxomma salt fomed. The filtrate was concentrated under . vacuum, obtaining 

3.49 g of the target produd; as a blade sticky solid (raw yield = 79^%). 

^■H-NMR (CDCI3, 8, ppm): - 0.15 (s. 3H. Si-CHs); - 0.04 (s, 3H, Si-CHs); 1.23 (s. 9H, ^-Bu); 

2.52 (s, 3H, CH3); 3.44- (s, IH, CH); 3.86 (s, 3H, AT-CHj); 6.90-7.71 (m, TH, Ar). 

(e) Synthesis of dltaethyMyl(tert-birtykmido)(N-meft^^ 

dihydrDindeno[2,l-b]indol-6-ylD«UinethyItitani^^ 
253 mL of a 1.6 M solution of MeLi in dietiiylether (40.48 mmol) were added dropwise at 
room temperature to a solution of 3.49 g of 6-[dme1hylsilyl(^ermtylamino)]N-metliyl--2- 
metfayl-5,6-dihydroindeno[2,l-b3indole (Mw=362.60, 9.62 mmol), obtained as reported 
above, in 45 mL of BtjO. The reaction mixture was stirred overnight: an increasing turbidity 
developed vdUx final fonnadon of a black suq>en5ion. Then LOS mL of TiCU (Mlw 189.71, 
d=1.730, 9.62 rrnnol) in 40 mL of pentane were slowly added- at room temperature, and the 
resulting mixtore was stiired ovemigjit The solvents were removed under reduced pressure to 
g[ve a blade sticky solid, which- was extracted wifli 50 mL.of toluene. The extract was then 
concentrated, yididing 3.02 g of the desired compound as a black powder (raw yield « 
71.6%). 

^H-NMR (CsDfi, 5. ppm): - 0.02 (s. 3H, Ti-CHa); 0.07 (s, 3H, Ti-CHj); 0.56 (s, 3H, Si-CHs); 
0.74 (s, 3H; Si-CHa); 1.41 (s, 9H, /-Bu); 2.45 (s, 3H, CH3); 3.12 (s, 3H, N-CR^); 6,90-7.94 (m, 
7H,Ar). 

Secand Synthetic route 

(a) Synthesis of N-mefhyl-2-methyl-5,6-daydroindeno[2,l-b]indoIe 
22.37 g^of 2-mefliyl-5,6-dihydroindeno[2,l-b]indole (99.6% by G.C., Mw = 219.28, 101.6 
mmol) were dissolved into 220 mL of 1,3-dioxolane (AJdiich) at room temperature and added of 
11.46 g of f-BuOK (Aldiich, Mw= 112J22, 101.6 mmol). The solution changed color fixm green 
to dark brown and was stinred at room temperature for 10 minutes; then 6.33 mL of Mel (A.cros, 
Mw = 141.94, d = 2.280, 101.6 mmol) were added. After 15 minutes stming, a solid started 
forming. Stirring was continued for 1 hour, then the rea.ction mixture was poured into water 
containing 8 g of NH4a (Carlo Erba RPB, purity 99.5%). After two hours stirring, the formed 
solid was isolated by filtration and dried in vacuo to give 23 .2 g of a brown powder, which, was 
analyzed by NMR spectroscopy and GC-MS. The GC-MS analysis showed a purity in the 
desired product of 91.5% O^eld = 89.5%). 2.methyl-5,6-dihydroindeno[2,l-b]indole and N- 
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mefty]-9 < ^iTn<^ hy1-S,64iyttomdeao[2.1-b1 indole were also present, in parentage of 2.6% and 
3.7%,reBpectivBly. 

An aliquot of the product ^.98 g) was suspeuded in 150 mL of MeOH (Carlo Brba RPE, ptdty 
99.9%, b.p." 64.6'*C). After 30 min stirring at room t8n:q>Matqre, a daric i>rown miorocarystalBne 
powder was isolated by filtratioa (9.1 8 g). The GC-MS analysis showed a higher purity (99.0%) 
in ^ desired product 

NMR (CDCI3, 5, ppin): 2.53 (s, 3H, CH3); 3.65 (s, 2H. C3H2); 3.76 (a, 3H, iV-CHs); 7100- 
7.60 (m, 7H, Ar). 

"C NMR (CDCI3, 5, ppm): 21.52 (CH3);. 29.98 (CHz); 31.08 (N-CH3); 109.38; 118.11; 
119.13; 121.83; 122.14; 122.26; 124.62; 126.95; 129.11 (20); 139.59; 140.50; 142.14; 
148.87. 

m/z(%): 233 (100) [M*]; 218 (35). 

(b) Syntbesis of (<firt4>utylammo)dime(hylchlorosilane 

15.7 mL of Me2SiCl2 (Mw = 129.06, d = 1.07, 130.21 nmol) in 20 mL of Et20 were added 
dropwise at O^C to a solution of 20.0 g of f-Bul^ (Mw =? 73.14, d = 0.696, 273.44 mmol, f- 
B11NH2: MeaSiOb = 2.1:1) in 40 mL of Et20. Thq resulting solution was allowed to warm up 
to loomtorrperatnre and stixred for 1.5 hoiirs. It was observed a colors change from yellow to 
li^t yellow with final jformation of a white milky suspension. The latter was filtered and the 
fiteate oonoentrated in vacuo to give 18.93 g of a light yellow oil, which by 'H-NMR analysis 
j^ared to be njainly fiie target producli together with a by-product, identified as di(f- 
butylaniino)dimBth3dsilane. TTie silylainine was used in flie subsequecJ: step witbout fortber 
purification. Yield 65.8% (purity by 'H NMR » 75.0% mol.) 

'H-NMR (CDzCla, 5, ppm): 0.48 (s, 6H, Si-CE^j); 1.26 (s, 9H, f-Bu); 1.42 (bs, IH, NH). 
. (c) Synthesis of 6-[dimetfayIsflyl(^e^^btt^34aDDdbao)]N-lnethyi-2-meftyi-S,&^y 
indaio[2»l-b]indole 

6.66 mL of n-BnLi 2.5 M in hexane (16.65 mmol) were added dropwise at O'C to a solution 
of 3.53 g of N-methyl-2-meth)d-5,6-dihydroindeno[2,l;b]indol6 (Mw = 233.32, purity 99.0%, 
15.13 mmol) in Et20. At the end of the addition, the reaction mixture was allowed to warm up 
to room temperature and stirred for two hours. SubsequHitly, 3.34 g of Oert- 
butylamino)dimethylcblorosilane (Mw = 165.74, purity 75.0% mol., d = 0.887, 20.17 mmol) 
woe added at O^C to the Li salt sus^jension and the resulting mixture was allowed to warm up 
to room temperature. After tiiree hours stirring, the solvents were evaporated under reduced 
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pressure and the residue was dissolved in 50. mL of toluene, obtaining a dark brown 
Buspesnsion, which was filtered. Hie filtrate was ev^oraied to dryness under reduced pressure, 
obtaining 5.86 g of a dark brown oil, which resulted to be 86.5% wt. pure (calculated by .'iJ- 
l^MR.). Tield » 92.4%. 

'H-NMK. (CfiDft 8, ppm): - 0.14 . (s, 3H, Si-CHs); t 0.13 (s, 3H, Si-CHs); 0.99 (s, 9H, ^-Bu); 
2.54 (s, 3H, CHs); 3.27 (s, 3H, JV-CH3); 3.40 (s, IH, CH); 7.10-7.90 (m, 7H, Ar). 
m/z (%): 362 (39) [M^; 232 (16); 130 (100); 74 (18). 

(d) Synthesis of dimethylsflyI(tert-bufylainido)(N-meth3ir2-methyir5,6- 

dihydroindeno[2,l-b]lndol-6-y^dimetliyI titanium 
19.14 nsL of a 1.6 M solution of Meli in'dieihylefher (30.63 mraol) were added dropwise at 
0°C to a solution of 2.76 g of 6-[dirQethylsilyl(^ert-butylamino)]N-methyl-2-mBtliyl-5,6- 
dihydroindeno[2,l-b]indole (Mw=362.60, 7.62 mraol), obtaiaed a& nsported above, in 40 mL 
of Et20. The resulting dark brown solution was allowed to warm up to room temperatore and 
Btined for 1.5 hours. Then 0.84 naL of TiCLi (Mw 189.71, d=1.730, 7.63 mmol) in 4 noL of 
pentane wore slowly added at room temperature and the resulting black suspension stirred for 
1.5 hours. The solvents were removed under .reduced pressure and the residue was esctracted 
wi& 50 mL of toluene. The extract (3.07 g) was added of 70 mL of pentan^ the r^ulting dark 
brown suspension stirred for 30 Twin at room.ten^eratore and filtered, giving as residue a light 
brown powder, which was dried and analyzed by 'H-NMR. The ^Il-MMR. analysis showed a 
purity of 97.0% wt in the desired catalyst together wifli a 3.0% wt of starting ligand. Yield = 
64.4% (222g). 

^H-NMR (CfiDs, 8, ppm): -0.02 (q, 3H, Ti-dfe, J= 0.36 Hz); 0.07 (q, 3H, Ti-CHs, J» 036 
Hz); 0.55 (s, 3H, Si-CHj); 0.74 (s, 3H. Si-CHs); 1^9 (s, 9H, f-Bu); 2.43 (s, 3H, CH3); 3.1 0 (s, 
3H, 7/-CH3); 6.91 (d, IH, J=8.31 Hz); 7.02 (ddd, IH, J=8.61, 6,87, 1.17 Hz); 7.13 (dq, IH, 
J-8.31, 1.57, 0.59 Hz); 7.31 (ddd, IH, J-8.26, 6.87, 0.96 Hz); 7.80 (dt, IH, J-8.61, 0.96 Hz); 
7.77-7.79 (m, IH, Ar); 7.92 (dt. IH, J=826, 1.17 Hz). 

"C-NMR (CeDs, 5, ppm): 6.91 (C-Sf); 7.37 (C-Si); 21.66 (CH3); 33.01 (//-CH3); 34.62 (t- 
Bu); 55.56 (C-Ti); 57.24 (C-Ti); 68.74 (C- /-Bu); 109.43 (CH); 120.76 (CEQ; 124.17 (CH); 
12427 (OI); 125.22 (CHO; 125.76 (CEI); 128.44 (CET). 

mJz (%) by "direct insertion probe" technique: 439 (32) \ht + 1]; 422 (100); 407 (26). 
Example 2: 

Synthesis of dimethylsilyl(tert-butylamido)CN7inethyl-2-methoxy-5,6-dihydroindenoC2,l- 
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b]indoI-6-yl)dimethyI tztanimn (B-2) 




(a) Synthesis of 2-mefhoxy-5,6-dihydromdenoI2,l-b]iiidole 

821 g of 2-indanone (Aldrich, 98%, Mw=132.16, 60.88 nunol), 40 wL of isopropanol, 10.84 
g of p-meliioxypheaylhydrazin hydrochloride (Aldrich, 98%, Mw=l 74.63, 60.83 mmol) were 
charged at room temperature in a 250 roL fla^k equipped with magnetic stiirex. The slxiny was 
brought to reflux (82*^0), (a black slurry was obtained), and kept at reflux for 1 hour. The dark 
brown viscous suspension was then cooled to room ten^erature; 200 tnL of water saturated 
with NaHCOa were added into Ihe reactor (final pH ca. 7,5-8), the resulting mixture was 
filtered and the residue washed with plenty of water. The da± green soKd on the filter was 
dried m vacuo at 70 **C for 4 hours (14 g, 98.9 % pure by GC, 96.7 % yield of pure product). 
^H-NMR (CDCI3; 6, ppm): 3.69 (s, 2H, CH2); 3.93 (s, 3H, O-CH3); 6.83.7.64 (m, 7H, Ar); 
8,14(bs,lH.i\r-H). 

(b) Synthesis of N-methyI-2-methoxy-5,6-dihydroindeno[2,X-b]in<ioIe 

7.53 g of 2-mefhoxy-5,6-dihydroindeno[2,l-b]indole, obtained as reported above, 
CMw=^35,29, pxirity of 98.9%, 31.65 mmol) were dissolved in 60 mL of 1,3-^oxolane 
(Aldrich) at room teniperature. 3.6 g of <ert-BuOK (Fluka, Mw=l 12.22, 31.90 mmol) were 
added: the sohifion changed color fix>m green to dark brown, and was stirred at room 
temperature for 10 min. Thm 1.96 mL of Mel (Mw 141.94, d = 2J280, 31.50 mmol) were 
added. After 10 min of stirring, a solid started forming. Stirring was contiimed for 1 hour, 
then the mixture was poured into water containing 5 g of NH4CL The formed solid was 
isolated by filtration, the brown residue was . dried in vacuo to obtain 7.85 g of 
microcrystalline brown solid: GC purity 85.8%, 85.2 % yield of pure product 
^H-NMR (CDCI3, 5, ppm): 3.65 (s, 2H, CH2); 3.75 (s, 3H, JV-CH3); 3.93 (s, 3H, O-CH3); 6.85- 
7.61 (m, 7H, Ar). 

(c) Synthesis of chlorodimefhyI(N-methyl-2-methoxy-5,6-dihydroindeno[2,l-b]indoI-6- 
yl)silane 
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3.4 wL of a 2.5 M solution of n-BuLi in hexane (8.50 mmol) were added dropwiso to a 
solution of 2.22 g of N-methyI-2-methoxy-5,6-dihydToindeno[2,l-b]indole, obtained as 
reported above, (Mw=249.32, purity 85.8%, 7.64 rmnol; indenoindole: n-BuLi « 1:1.1) in 50 
mL of THF, previously cooled to -78®C. At the end of Ihe addition, tiie brown solution was 
allowed to warm up to room temperature and stirred for 5 hours. Then it was cooled again to 
-78°C and added dropwise to a solution of dichlorodimethylsilane (Mw=129.06, d»l .064, 
0.92. mL, 7.64 mmol; indenoindole: Me2SiCl2 - 1 : 1) in 20 mL of THF, previously cooled to - 
78*'C. At the end of the addition, the dark brown solution was allowed to wami up to room 
temperature and stinred ov^nght The solvents were evaporated under reduced pressure to 
give the desired product containing few by-products, in the fonn of a brown sticky solid; this 
product was used in Ihe following step without fiarther purification, 
d) Synthesis of 6-[dimethyMyl(terl-butykmino)]N-mefhyI-2-methoxy-5,6-di^ 
indeno[24-b]indoIe 

3.25 g of crude cUon>dimethyl(N-methyl-2-mdhoxy«5j6--dihydroindeno[2,l-b^ 
yl)silane (Mw=341.91, 9^50 mmol), obtained as reported above, were dissolved in 50 mL of 
toluene and added at -78*C to a solution of /-BuNH2 (2.3 mL, Mw=73.14, d= 0.696,.21.89 
inmol) m 20 mL of toluene. At the end of the addition, the reaction mixture was allowed to 
wana up to room temperature and stirred overnight to give a brown suspension,, which was 
filtered to remove the ammonium salt formed. The filtrate was concentrated under vacuum to 
give 2.18 g of the desired product as a brown sticky solid (raw yield = 60.6%). This product 
was used in the next step without fiarfher pixxification. 

^H-NMR (CDCls, 5, ppm): -0.14 (s, 3H, Si-CHa); -0.02 (s, 3H, Si-CHs); 1.23 (s, 9H, r-Bu); 
3.86 (s, 3H, 2V-CH3); 3.926 (s, IH, CH); 3.934 (s, 3H. O-CH3); 6.80-7.70 (m, 7H, Ar). 
The fraction insoluble in toluene was extracted with 30 mL of CH2CI2 and 0.58 g of the by- 
product bis(N-methyl-2-meEhoxy-5,6-dihydroindeno[2,l-b]indol-6-yl)dimet^^^ silane, formed 
in the previous step, were isolated as a light brown powder (13.7% yield towards st a rt in g N- 
methyl-2-mBthoxy-5,6-dihydroindeno[2, 1 -b]indole). 

^H-NMR (CDCI3, 5, ppm): - 0.23 (s, 6H, Si-CHj); 3.35 (s, 6H, iV^CHa); 3.91 (s, 6H, O-CH3); 
3.93(s,2H,CH); 6.82-7.63 (m, 14H, Ar). 

(e) Synthesis of dimethylsnyl(tert-butylaniido)(N-methyl-2-methoxy*-5,6- 
dihydroindeno[2,l-b]indol-6-yI) dimethyl titanium 

15.6 mL of a 1.6 M solution of MeLi in diethylether (24.96 mmol) were added dropwise at 
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room temperature to a solution of . 2. 18 g of 6-[dimethyl£dlyl(tert-butylaniino)]N-inethy^^^^ 
methoxy-5,6-^ydromdKio[2,l-b]iiidole ^w=378.58, 5.76 mmdl), obtained as .reported 
above, in 45 mL of EtjO. The reaction mixture was stiaxed for 5 honrs at room temperature 
with. fiTtfll formation of a dark brown suspension- Then 0.65 mL of TiCU (Mw=l89.71, 
d«1.730, 5.93 mmol) in 20 niL of pentane were slowly* added at room tenq)erature, and the 
resulting mixture was stirred ovemight The solvents were removed under reduced pressure to 
give a bladk: solid, which was e^ctracted wifb 35 mL of toluene. The extract was ocmcentrated 
yielding 1 . 1 6 g of the target product as a brown powder (raw yield = 443%). . 
^H-NMR (C^De, 5, ppm): - 0.01 (s, 3H, Ti-CHa); 0.04 (s, 3H, Ti-CHs); 0.55 (s, 3H, Si-CHs); 
0.74 (s, 3H, Si^CHs); L40 (s, PH, r-Bu); 3.09 (s, 3H, .V-CH3); 3.55 (s, 3H, O-CH3); 6.82-7.92 
(m, 7H,Ar). 
Example 3; 

synthesis of dimethylsiIyl(tert-butylaniido)(N-methyI-2-methyl-l,8-dihydroindeno[2^ 
b]pyrrol-6-yl)dimethyl titanium (B-3) 




(a) N-mefhyl-2-mefliyl-l,8-dihydromdeao[2,l-b3pyirole was prepared according to the 
protocol described in Patent Application WO 99/24446. 

(b) Synthesis* of 8-[dimethyMlyl(/^-butyIaxnino)]N-methyI-2-meth^^ 
dihydroindenoI2,l-blpyrToIe 

18 mL of 1.6 M sohition of Buli (28,8 mmol) in hexane was added dropwise to a solution of 

3.5 g of iV-Me-2-Me-indenopyrrole (19 imnol) in 60mL of efh^ at -30 °C. At the end of the 

addition the solution was allowed to warn up to roorq temperature and stirred for 4 hours* 

Then it was cooled again to -30 '^C and treated with 5 mL of Me2SiCl2 (42 nmol) m 5 niL of 

ether* The mixture was allowed to warm up to room temperature and stiired ovemight- The 

resulting suspension was fiDltered, the solvent was evaporated in vacuum. The cmde product 

was dissolved in 50 mL of etiier and then was treated dropwise with 17.5 mL (157 mmol) of 

f-butylamine at -20 °C. The resulting mixture was allowed to warm up to room temperature 

and then stiired ovemight The solution was isolated by jfflltratioh and the solvent was 
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evaporated to give tibe silyl-anune as a reddish-brown oil. Yield 4.67 g (83 %). 

'HNlvlR (taluene-d^): 7.48 (d, IH); 7.44 (d, IH); 7.23 (t, IH); 7.05^ IH); 6.18 (IH); 3.12 (s, 

3H); 2.15 (s, 3H); 1.02 (s, 9H); -0.11 (s, 3H); -0.12 (s, 3H). 

(c) Synthesis of dimethylsUyl(tert-butylamido)(N-methyI-2-me^^^^ 

daydr6indeno[2,l-b]pyrrDl-6-y]5 dimethyl titairi 
49 mL of a 1.33 M solution of MeLi in diefliyl ether (65.2 mmol) were added dropwise at -20 
*C to a solution of 4.15 g of . 8-[dimethykilyl(tert-butylaimno)]-N-methyl-2^^^ 
indenopyrrole (14 namol) in 60 toL of etibesr. The reaction mixture was stirred overnight and 
then: was cooled to -30 ^^C and was treated with 1.54 mL of TiCU (14 mmoX) m 60 mL of 
h^ane. The resulting black mixture was stirred overnight; then it was evaporated and added 
with 60 mi/ of toluene. Then the reaction nuxture was evaporated and the residue was 
extracted twice with 50 mL of toluene. The resulting solution was evaporated to a volume of 
15 mL and kept at room temperature for 15 hours, Red.crystals were isolated, washed twice 
with 10 mL of cooled pentane and dried Yield 2. 1 g. 

^HmdR (toluene-d^: 7.68 (d, IH); 7.61 (d, IH); 7.20 (dd, IH); 6.94 (dd, IH); 6.13 (s, IH); 2.88 
(s, 3H); 1.98 (s, 3H); 1.41 (s, 9H); 0.73 (s, 3H); 0.51 (s, 3H); 0,05 (s, 3H); -0.04 (s, 3H) 
Example 4 ; 

synthesis of dtoethylsflyl(toit-butylanudo)CN-ethyl-5,6-dihydroindeno[2,l-bl^ 
yOdimethyl titanium (B-4) 




(a) Synthesis of 5,6-dihydromdeiio[24-b]indoie 

In a 1-L flask were diarged 36.55 g of 2-mdanone (Aldrich, Mw=132.16, 276.6 mmol), 40,00 g 
of phenyl-hydrazine hydiochloride (Aldrich, 99%, Mw=144.61, 276.6 mmol) and 0.3 L of i- 
PrOH. The suspension was .wanned to 80 ®C in about 30 minutes and the slurry changed color 
fiomyellowto dark brown under stirring. The reaction mixture was stirred at 80 °C for 1,5 iaours 
and then was cooled to room temperature in about 30 minutes. The slurry was siphoned into 1 .0 
* L of water containing 34.85 g of NaHCOs^ thus obtaining a fine dispersion of a green product 
(no heat evolution was observed). The sluny was thm filtered on a G4 fiit, washed with w^ater, 
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dded in air irnder moderate vacuum for 24 h imtil to achieve constant wd^t 

52.81 g of the target product as a green powder were obtained with a yield of 92.8% (purity of 

9?.8%byG.C.) 

^H-NMR (CDCI3, 5, ppm): 3.72 (s, 2H, CHj); 7.12 (td, iH, H8, J=7.48, 1.17 Hz); 7.16-7.29 
(m, 2H, H2, H3); 7,31-739 (m. 2H, HI, H9); 7.42 (dt, IH. H7. J-7.24 Hz); 7.66 (dt. IH,' ' 
HIO, J=7.48 Hz); 7.85-7.89 (m, IH, H4); 8.26 (bs, IH. W-H). 

"C-NMR (CDCI3, 5, ppm): 31.51 (CH2); 112.18 (C-Hl); 118.77 (C-HIO); 119.56 (C-H4); 
120.73, 121.84 (C-H2, C-H3); 122.47 (ClOc); 122.91 (C-H8); 125,05 (G-H7); 127.38 (C- 
H9); 140.32 (CI Ob); 140.93 (C4a); 142.88 (C6a,10a); 146.44 (C5a). 

(b) Synfliesis of N-ethyl-5,6-dlhydroindeno[2,l-b]indole 

15,00 g of 5,6-d3liydroiiideno[2,l-b]rQdole (99.8% by G.C., Mw = 205.26, 73.1 nnnol) were 
dissolved into 200 mL of l,3.^oxQlane (Aldiich) at room tengjerature in a 0.5-L flasL 8.28 g of 
/-BuOK. (Huka, 99%, Mw = 112J22, 73.1 mmol) were added and the reaction mixture turned 
from a green suspension to a brown solution. After 30 min stirring at room tetnperature, 5,5 1 mL 
of EtBr (Fhdca, 99%, Mw = 108^7, d = 1.46, 73.1 mmol) were added, obtaining a brown 
suspension. Stiiiing was continued for 2 hours, then the reaction mixture was poured into water 
containing 8 g of NH^Cl (Carlo -Brba KPE, purity 99.5%). After two hours stirring, tiie. green- 
brown suspension was filtered on a G4 fiit, the solid-dried in air under moderate vacuum to give 
a green powder (8.98 g), -wtech was analyzed by 'H NMR. Purity 98.9% wt by *H NMR Cyield 
= 52.1%). 

'H-NMR (CDCI3, S, ppm): 1,48 (t, 3H. CH3, J=7.26 Hz); 3.73 (s, 2H, CH2); 4.24 (q, 2H, 
CHa,J=7.26 Hz); 7.04-7.90 (m,8H,Ar). 

(c) Synthesis of (^-bat3lainino)dimethyldlilorosilane 

15.95 mL of MeaSiCb (Mw = 129.06, 99%, d = 1.064, 130.21 mmol) in 20 mL of Et20 were 
added diopwise at CC to a solution of 20.41 g of f-Bt3NH2 (Mw = 73.14, 98%, d = 0.696, 
273.45 mmol, i-BuNHa: Me2SiCl2« 2.1:1) in 40 mL of Et20. The resulting miDcy suspension 
was allowed to warm iq» to room temperature and stiired fia: 30 min. The solvent was 
rmoved and flie residue extracted with 50 mL of pentan^ to give 13.76 g of a colorless oil, 
^ch by ^H-NMR analysis appeared to be the target product 83.7% wt pure, together wift 

16.3% 'wt of di(f-butylamino)dimethylsilane. The silylamine was used in the subsequent step 

without further purificatioiL Yield 53 .4%. 

'H-NMR (CDQs, 5, ppm): 0.44 (s, 6H, Si-CHs); 121 (s, 9H, /-Bu). 
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(d) Synfiiesis of 6-[dimethylsflyl(fert-batylaraino)]N-ethyl.5,6-dihydro fa^^ 
8.02 of n-BuLi 2.5 M in hexane (20.04 mmol) were added dropwise at O'C to a solution 
of 4.30 g of N-ethyl-5,6-dihydroindeno[2,l-b]indole (Mw = 233.31. purity 98.9%. 18.22 
mmol) in BtjO. At tiie end of the addition, the reaction mixture was aUowed to warm up to 
iDom.temperature and stirred for two hours. The dark brown solution obtained was added at 
0"C to a solution of 4.32 g of (<ert-butylamino)dimethylchloro3ilane (Mw = 165.74. purity 
83.7 % wt, d = 0.887, .21.86 mmol) in EtjO. The final mixture was allowed to warm up to 
room ten?>eratar6 and stirred for three hours. HiBn &e solvents were evaporated under 
reduced pressure to give a residue (8.73 g) which was extracted wife 50 mL of totaene. Tie 
■ extract, a sticky brown soKd (7.48 g), was washed with pentane obtaining 4.32 g of a light 
brown powder, which was analyzed by 'H-NMR. Tlie .'H-NMR analysis showed a purity of 
96.6% wt in the desired Ugand together with a 3.4% wt of starting N-ethyl-5,6- 
dihydroindeno[2,l-b]indole. Yield » 63.1%. 

^H-NMR (CsDs. 8. ppm): -0.23 (s, 3H. Si-CHs); -0.01 (s. 3H. Si-OJs); 0.41 (bs, IH, NH); 
0.99 (8 + 1, 12H. r-Bu + CH3); 3.56 (s. IH, CH); 4.07 (m, 2H, CH2); 7.15-8.07 (m. 8H, Ar). 
'H-NMR (CDCI3, 8, ppm): -0.13 (s, 3H, Si-CHa); 0.03 (s, 3H. Si-CHs); 0.75 (bs, IH, 2<?H): 
1.26 (s, 9H. /-Bu); 1.37 (t, 3H, CH3, J = 7.14 Hz); 3.84 (s. IH, CH); 4.50 (m, 2H. CH2); 
6.90-8.00 (m, 8H, At). 

(e) Syndesis of dimethyIsilyKtert-butylarnido)(N-ethyl-5,6-dihydroindeno[24-b]indol- 

6-yI)dimethyl titanimn 
16.13 mL of a 1.6 M solution of Meli in diettiyletber (25.80 mmol) were added dropwise at 
0»C to a solution of 2.30 g of 6-[dimethylsilyl(te7t-butylanmo)]N-ethyl-5.6- . 
<aiydroindeno[2.l-b]indole (Mw=362.60, 6.34 mmol), obtained as reported above, in 40 mL 
of BtaO. The resulting daric brown suspension was allowed to warm 1^ to room ten5)erature 
and stirred for 3 hours. Then 0.70 mL of TiCU (Mw 189.71, d=1.730, 6.34 mmol) in 4 nxL of 
pentane were slowly added at room temperature and the resulting dark brown suspension 
stirred for 1 hour. The solvents were removed under reduced pressure and tiie residue (4.63 g) 
. was extracted with 50 mL of toluene. The extract (2.27 g of a sticky dark brown powder) was 
washed with pentane and the residue dried giving a brown powder (1.7 g), which was 

analyzed by ^H-NMR. The 'H-NMR analysis showed a purity of 97.6% wt in Ihe desired 

catalyst together with a 2.4% wt of starting ligand. Yield = 79.7%. 

'H-NMR (CeDfi. 5, ppm): -0.002 (q. 3H. Ti-CHs. J= 0.41 Hz); 0.09 (q. 3H, Ti-CHj, J» 0.41 
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Hz); 0.61 (s, 3H, Si-CHs); 0.73 (s, 3H, Si-CHa); L05 (t, 3H, CH3, J=7.26); L41 (s, 9H, r^Bu); 
178 (q, 2H, CHi. J-7.26 Hz); 6.98-7.06 (m, 2H, H3, H8); 7.24-7.33 (m, 3H, HI, H4 and H9); 
7.80 (dt, IH, J = 8.67 Hz, H7); 7.88-7.93 (m, 2H, H2, HIO). 

"C-NMR (C6D6, 6, ppm): 6.62 (Si-CHs); 7.63 (Si-CHs); 14.48 (CH3); 34.51 (^Bu); 40.00 
(CHa); 56.90 (Ti-CHa); 57.01 CK-CHs); 57.81 (C-^Bu); 67.98 (C-Si); 109.81 (C-H3); 114.56 
(C-HlGc); 120.48 (C-Hl); 120.59 (OH2); 123.67 (C-lOa); 124.08 (C-HIO); 124.32 (C-H8); 
124.49 (C-H4); 125.27 (C.H9); 128.62 (C-H7); 134.89 (C6a); 145.50 (C4a); 147.34 (C5a). 
PlYftitipie Sr 

Synthesis of dimethyIsflyl(tert-butylaimdo)(2^-dim 

thieno[3*;j':3,4]cyciopenta[l^dIfhiopheii-7-yI) dimethyl tftanfum (A-1). 




a) cailoro(2,5Hlimethyl-7£r-tUeno[3';t«:3,4Ic^^^ • 
yl)dimethylsil!uie. 

A suspension of 4.13 g (20 mmol) 2,5-dime1h.yl-7H-cyclopenta[l,2-b:4^-b']-4ithiophe^ 
80 ml ether was treated dropwise with 15 ml (24 mmol, 20% eaccess) 1.6M BuLi in hexane at 
-40 imdBT stirring. The mixture was stibcred for 3 h, and thm treated with 4.82 ml (40 
mmol) MeiSiClz in 10 ml Et20. The prooipitat© was filtered and used without further 
purification. Yield 4,84 g (81 %), taking into consideration the presence of LiQ (1,02 g, 24 
mmol). 

NMR (CDCI3, 30^C) 5: 6.85 (q, 2H), 3 .93 (s, IH), 2.57 (bs, 6H), 0.25 (s, 6H). 

b) JV-(^ert-Bu1yI)(2,5-dimethyl-7jS'-thieno[3^2':3,4]cycIope^^ 
dimethylsilanamine. 

A solution of 2.12 ml (20 nmiol) ^ert-butylamine m 70 ml eth^ was treated dropwise ^th 

12.5 ml (20 mmol) 1.6M BuLi in hexane at -30 °C. The reaction mixture was stirred at r. t. 

for 3 h and the resulting suspension was treated with a solution of 4.84 g (16.2 nrrnol) 

chloro(2,5-dimeth^-7H-tMeno[3\2»:3,4]cyclopenta[l,2-i]thi^^^ in 30 

ml ether at -70**C. The resulting su^)ension was allowed to warm to r.t and was stirred 

ovmight The solution was separated j&om LiCl and evaporated. Yield 4.47 g (82?<o) of 
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brown soUd tiiat was used without further purification. 

'HNMR CCDCI3. 30*C) 6: 6.85 (q, 2H), 3.80 (s, IH). 2.58 (bs. 6H), 1.31 (s,9H), 0.05 (s. 6H). 
c) Me3SK^BnN)(2,5-dimethyl-7F-tWenol3'^':3,4]cydopenta[l,2-i]thiophen^^^^^ 

TiMez. 

To a solution of 1.93 g (5.7 mmol) i^-(fert-butyI)(2,5-dimethyl-722-- 
fhieno[3'^^3,43cyolopenta[l>6]Mophen-7-yl)diinethylsilananune 30 ml ether 23 ml (28.7 
mmol) 1.2MMfiLi in ether was added at -40«'C under stining. Then the reaction mixture was 
stiired under reflux for 3 h. The resulting mixture was cooled.to -eO'C and the solution of 
0.63 ml (5.7 mmol) TiCU in 30 ml hexane was added. The mixture was allowed to warm and 
was stiired ovemi^ The resultmg mixture was evr!5>orated, Ihe residue was extracted wilt 
iuKane (3 times with 50 ml). The hexane solution was concentrated to a vohmie of 10 ml and 
kept for 10 hours at r.t The crystalline product was s^arated fbom flie mother solution, 
washed twice with coldpentane and'diied. Yield o:27 g (11%) of dark red crystals. 

NMR (C7D8 .30°C) 5: 6.76 (q, 2H), 2.20 (d. 6H), 1.49 (s, 9H). 0.56 (s, 6H), 0.36 (s, 6H). 

"C NMR (CDs. 30°C) 5: 146.51. 139.67, 133.08, 116.65, 78.16, 58.00, 56.82, 34.56,16.29 

3.21. 

•RYBiiiple 6; 

Synliiesis of diinetIiylsilyl(<ert-bntylaniido)andenyI)dimethyl tltantnm (C-3) 




y I 

11.3 mL of a 1.6 M solution of mefliylUflnum in diethyl ether (18.04 mmoles) were slowly 
added at -78»C to a solution of 1.08 gram (4,40 mmoles) of IndMesSil^Oifeu in 23 mL of 
diethyl e&cr. During the addition an increasing turbidity develops with final formation of a 
yellow suspension. This mixture was allowed to wami to room temperature and stirred for 
two hours. ' 

0.5 mL of TiCU (4,40 mmoles) were diluted in 23 mL of pentane. This solution was added 
very slowly and cautiously to the Li salt suspension in diethyl ether at room temperature. The 
resulting dadc suspension was stirred at room ten^erahjre overnight The reaction mixture 
was then brou^t to dryness under reduced pressure. The dark soHd was extracted with 60 mL 
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of toluene and then the filtrate was ev^orated to dryness under reduced pressure to give 0.99 
g (70 % yield) of a gray-black solid. >MR. confirms framation of [Me2Si(Ihd)(/- 
BuN)]TiMe2. 

NMR (CgDfi, 5, ppm): -0.15 (q, J = 0.48 Hz, 3H, Ti-CBb). 0.36 (s, 3H, Si-CEIs), 0.53 (s, 
3H, Si-CHs), 0.82 (q, J = 0:48 Hz, 3H, Ti-CHa), 1.44 (s, 9H, f-Bu); 6.05 (d, J = 3.21 Hz. IH. 
Cp-H2); 6.88 (ddd, J « 8.50, 6.64, 1.04 Hz, IH,. Ar-H6); 7.01 (dd, J = 3.21, 0.83 Hz, IH, Cp- 
H3); 7.07 (ddd, J = 8.50, 6.64, 1.04 Hz, IH, Ar-H5); 7.46 (dq, J = 8.50, 1.04 Hz, IH, Ax-BT); 
7.48 (dt, J = 8.50, 1 .04 Hz, IH, Ar-H4). 

Synthesis of dimethyisifyl(tert-biityIaiiddo)(2-methytindeQ7iQdimeth^^ titaaium (C-4) 

X 

The complex dime£h>^}d(^erf-4mtylanndo)C2-methyl-l-indeny!0 dimethyl titanium "Was 
prepared fiom the coiTeBponding ligand in 71 %, by using the same procedure. 

(a) Synthesis of ^Me-Jiid)SIMe2(^ii]^ 

5.02 g of (2-Me Ind)SiM^Cl (25.53 nunol) in EtaO wore added at O^C to a solution of 
'BuNHz (56.16 nmxol) to give a yellow slurry. The mixture was stirred at room temperature 
ibr 1 6 h. The solvents were evaporated undo: reduced pressure, and the product extracted vdth 
toluene to give, after filtration and ev^oration of the solvent, 5.52 g of an orange oil. 'H 
IMR. analysis shows the presaice of the two isomers (allylic, 60 %, vinj^o, 40 %). 
Tield83.4%. 

^H-NMR (CgDe, 5, ppm), allylic isomer -0.09 (s, 3H, Si-CHa); 0.11 (s, 3H, Si-CHs); 1-02 (s, 
9H, 'Bu); 2.14 (s, 3H, CH3); 3.21 (s, IH; C-H); 6.52 (s, IH, C-H); vinyUc isomer: 0.46 (s, 6H, 
Si-CHa); 1,1 (s, 9H, *Bu); 2.06 (s, 3H, CH3); 3.05 (s, 2H, CH2); both isomers: 6.98-7.82 (m, 
8H.Ax); 

(b) Synthesis of MeiSi(2-Me-Ind)('BaN)TiMe2 

25 xaL of Meli 1.6 M in Et20 (40 mmol) were added at 0 °C to a solution of 2.53 g of (2-Me 
M)SiMe2CBuNH) (9.75 mmpl), after 1.5 h. stirring at room temperature were added 1.07 mL 
of TiCU in peotane (9.75 mmol). After 2 h the solvents were removed under reduced 
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pressure, the mixture takea tip ia 50 mL of tolueae, stixred 30 mm, and fUtored to give, after 
evaporation of the solvent, 2.68 g of dark brown powder. The. powder was taken up in 
pentane» filtered, and the filtrated brougjbit to dryness tinder reduced pressure to give 2.31 g of 
ochra powder. Yield 70,6 %. 

'H-NMR (C6D6» 5. ppm): -O.ll (q, 3H, J=0.48 Hz, Ti-CEs); 0.46 (bs, 3H, Si-CHa); 0.56 (bs, 
3H, Si-CHs); 0.85 (q, 3H, J=0.48 Hz, Ti-CHs); 1.47 (s, 9H, 'Bu); 1.99 (s, 3H, CH3); 6.76 (bs, 
IH, H3); 6.89 (ddd, IH, H6, J=8.41, 6J7, LOS Hz); 7.07 (ddd, IH, H5, J=€.41, 6,77, 1.08 
Hz); 7.44 (dt, IH, H4, J=8.41, 1.08 Hz); 7.51 (dq, IH, H7, J-8.41, 1.08 Hz), 
^^C-NMR (CeDs, 5, ppm): 5.30 (C-Si); 5.55 (C-Si); 17.98 (CH3); 33.85 ((013)3); 50.82 (C- 
Ti); 56.57 (C-Ti); 57.55 (C-^Bu); 115.64 (C-H3); 124.72 (C-H6); 124.9 (C-H4); 125.17 (C- 
H5); 127.81 (C-H7); 131.57 (C-C3a); 133.82 (C-C7a); 140.97 (C-CH3). 
Example 8: 

Preparatioit of the sapported catalyst 

'Polyethylene (PE) used as caiiier has particles diameter of 250-300 ^ porosity measured with 
Mercury porosimeter techmque (MA 17302) is about 50 % VAf, the surfece area is 5.6 mVg and 
the ayera^ diameter of pores is 8^23 A. 
Impregnaffon 

The s^aratus used for &e sopportation is a glass csdindrical vessel, equ^ed with a vacuum 
ptail), a dosing purqp for the feeding of the catalytic solution on the Garrier and a stirrer to allow 
a good mixing during Ihe in:q)regDation step. The preparation of the supported catalysts is carried 
out under nitrogen flow at room temperature. 

5 g of the PB carrier, described above is loaded into the vessel and mechanically stirred mider 
nitrogen flow, 3 ml of a MAO solution (Witoo, 100 g /I in toluene) is dosed in a singje 
addition step on the prepolymer to scavenge residual impurities, in order to reach the incipient 
wetness. The solvent is then evaporated mdeac vacuum. 

The catalytic solution is prepared by dissolvhig 17 mg of B-4 in 9 nil of the same MAO 
solution, with the aim of achieving an AJ/Ti = 400 mol/mol. After stirring for 15 minutes, this 
solution is added to the earner in 3 aliquots; after each addition, once reached the incipient 
wetness, the solvent is evaporated under vacuum. 

The analysis of the obtained supported catalysts are Al = 7.3 %, Ti = 0.03 %. 
POLYMERIZATION TESTS 

Batch polymerizations were carried out in a 1-L or 4.25-L stainless-steel stirred reactor. The 
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reactor was ptirified "by washing with a hexane solution of TIB A (Al(z-Bu)3), and then dried by 
purging with propylene at 80 for one hour. lie catalysl/cocatalyst mixture was prepared by 
dissolving the Ti coniplex in the required amount of MAO/toIuene solution, and aged 1 0 min. 
Examples 9-11; 
Propylene polymerization 

MAO (commercial product by Witco, 10 % w/w in toluene, 1.7 M in Al) was used as received 
The catalyst system was prepared by dissolving fiie amount of dimethylsilyl(tert- 
bu1yIamido)(N-methyl-2-mefhyI-5,6-dihydroindeno[2,l-b]^^ titanium (B-1) 

pr^ared according example 1, first synthetic route, as reported in Table 1, with the amount of 
IvlAO reported in Table 1; the obtained solution v/as stixxed for 10 minutes at room temperature, 
before being injected into the autoclave. 

1 mmol of Al(i-Bu)3 (TIBA) (as a 1 M solution in hexane) and 300 g of propylene were charged, 
at room temperature, in a l-L jacketed stainless-steel autoclave, equipped mih magnetically 
driven stirrer and a 35-mL stainless-steel vial, connected to a fhOTnostat for temperature control, 
previously purified by washing with m Al(f-Bu)3 solution in hexane and dried ai 50°C in a 
stream of pxrpylene. The autoclave was Ifaen thermostatted at 2 °C below the polymerization 
tenrperature and the catalyst system, prepared as reported above, was mjected in ftie autoclave by 
means of nitrogen pressure through the stainless-steel viaL The temperature was rapidly raised to 
the polymerization teoiperature, as indicated in Table 1, and the polymerization was carried out 
at coxistanttemperaixEre, for Ihe time reported in Ta^^ 

After venting the unreacted monomer and cooling the reactor to room temperature, the polymer 
was dried under reduced pressure, at 60 **C, 

The polymerization data and the characterization data of the obtained polymers are reported in 
Table!. 

Hie obtained results demonstrate that the titanium complexes according to the present 
invention may give high molecular weight amorphous polypropylene. 
Example 12; 

Propylene polymerization 

Propylene polymerization was carried out according to ftie procedure reported in Examples 9-1 1 , 
with the difEerence that B-1 obtained according example 1, second synthetic route, was used as 
catalyst 

Polymerization data, yields and characteristics of the obtained polymer are reported in Table !• 
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UlYam ple 13: 

laflumce of hydrogea 

la order to evaluate the infltience of hydrogen on the molecular wei^t of the obtained polymers, 
propylene polymerization was carried out according to the procedure reported in Examples 9-1 1 , 
.\vifh the only difference of introducing 100 mL hydrogen before adding propylene. 
Polymerization data are reported in Table L 

The obtained results confirm that the. titanium complexes according to the present invention are 
sensitive to hydrogm as a molecular wei^t regulator. 
E3gamp!e 14: 

Propylens/ethylsne copolymertoitlon 

Propylene polymmzation was earned out according to the procedure reported in Examples 9-11, 
with the only difference that, before charging the amount of propylene reported in table 1, 4.1 g 
of e&ylene were charged in the autoclave. 

The resulting copolymer has an ethylene content of 0.8 %wt NMR)» the oiher polymerization 
data, yields and characteristics of the obtained copolymar.are reported in Table 1/ 
The obtained results demonstrate a good activity of the titamum conqjlexes of the inventton in 
propylene/ethylene copolymerizadon; the msertion of small amounts of efliylene in propylene 
polymers may serve to regulate fee molecular weight of the final polymers* at tbe same time 
without negatively affecting intrinsic viscosity values and the yield of the process. The use of 
low amotmts of ethylene in propylene polymerization process, according to the present 
invention, makes it possible to regulate the molecular wei^t of the obtained polymei-s. 
Example 15: 

Propylene faomopplymerization. 

1200 g of liquid propylene were loaded into a stainless-steel stirred reactor at 30 ^C, 

followed by 1 nmol of TIBA iu hexane used as a scavenger. The temperature of the reactor 
was then raised up to 60 '^C, 

The polymerization was started by iujecting 2.1 mL of a toluene solution of MAO (ca. 6 
rmnol of Al) contauamg 1.4 mg of the B-3 into the autoclave at 60 °C, by means of nitrogen 
overpressure, then the temperature was maintained at 60 "^C for 37 miiL The polymeriziation 
was stopped by venting and cooling the reactor. 

The soft, non-sticky, amorphous product obtained was 530 g, corresponding to a yie^ld of 
about 600 kg/(geat>^h). The properties of the polymer are: 
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LV. = 3.65 dL/& ao melting point (DSC), ir = 72.16, nrr = 51.7 NMR). 
Polymerizatioii data, yields and characteristics of flie obtained polymer are summarized in Table 
1 

ff.Yflm pIe 16! 

Propylene homopolymeriz^tion. 

2 mL of a hexane solution of TIBA (1 mmol of TBA in used as a scavenger), 271 g of liquid 
propylene were loaded into a 1-L stainless-steel stirred reactor at 30 **C. The temperature of 
the reactor was then raised up to 70 '^C. 

The polymerization was started by injecting 3 mL of a toluene solution of MAO (0.64 nomol 

of Al, MAO/Zr - 500) containing 0.5 mg of B-3 into the autoclave at 70 by means of 

nitrogen overpressure, then the temperature was maintained at 70 .""C for 60 min. The 

polymerization was stopped by pressurizing CO, venting and cooling the reactor, 

Tbe soft, non-sticky, amorphous product obtained was 53 g, corresponding to a yield of about 

106 kg/(gcatxh)^ The properties of the polymer are: 

LV, « 4.92 dL/g, no melting point (DSC). 

Polymerization M ^, yields and characteristics of the obtained polymer are suioamarized in Table 
L 

Example 17; 

Propylene/ethylene copolymerization. 

2 L of hexane were loaded into a 4.25-L stainless-steel sticred reactor at 30 ^'C, followed by 2 
mmol of TIBA in hexane used as a scavenger. 397 g of propylene and 38 g of ethylene were 
then pressurized into the reactor, and the temperature of the reactor was then raised up to 50 
**C, resulting in a pressure of 9.3 bax-g. 

The polymerization was started by injecting 43 roL of a toluene solution containing MAO 
(L29 mmol of Al) and 0.5 mg of B-3 iato the autoclave at 50 °C, by means of nitrogen 
overpressure, then the temperature was mamtained at 50 "^C and ethylene was continuously 
fed into the reactor in order to maintain a constant pressure. After 7 g of ethylme were added 
* in 23 m ir\ , the polymerizadon was stopped by pressurizmg 1.5 L of CO into the reactor, 
venting and cooling the reactor. The propylene/ethylene copolymer was recovsed &orsx the 
hexane solution by precipitation in acetone, followed by drying under reduced atmo^here at 
70 °C for 4 hours.. 

104 g of non-sticky, amorphous copolymer were obtained, corresponding to a yield of about 
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540 kg/(gcatxii)- The copolymer contains 20 % by weigjat of efhylene (*H NMR analysis), is 
fiilly amorphous witii Tg « -26 °C, and has an intrinsic viscosily of 6.65 dL/g, 
Example 18; 

Propylene/butene copolymerization. 

2 mL of a hexane solution of TIB A (1 mmol of TIB A in used as a scavenger), 158 g of 
.propylene and 154 g of 1-butene were loaded into a 1-L stainless-steel stirred reactor at 30 ®C. 
The temperature of the reactor was then raised up to 60 ""C (1 5 bar-g). 
The polymerization was started by injecting 3 mL of a toluene solution of MAO (ca- 2,6 
mmol of Al) containing 1 mg of the B-3 into the autoclave at 60 ^C, by means of nitrogen 
oveipressure, then the temperature v/as maintained at 60 for 60 min. The polymerization 
was stopped by pressurizing Co, venting and cooling the reactor. 

The soft; non-sticky, amorphous product obtained was 13 g. The properties of the polymer 
are: 

LV. = 0.9 dL/g, no melting point and Tg - -7 **C, (DSC), butene = 47 wt % (measured by ^.^C 
NMR). 

Propylene/butene copolymerizafion 

Example 18 was repeated at an Al/Zrrado of 500, obtaining a copolymer with LV. « 2.11 dEVg. 
Example 20; 

Propylene polymerizations at 80 

Following iixe usual procedure, 1 mmol of TIBA and 585 g of propylene were charged in a 2 
L reactor, then heated to 80 ''C. 1 mg of B-3 was dissolved wilh 1.07' riiL of a 10 % MAO 
solution (1.82 mmol Al) in toluene and then diluted with toluene (total volume 3 mL), aged 
10 rn^'n and injected into the reactor. The polymerizadon is stopped with CO after 60 min at 
80 **C. The results of polymer analysis are shown in Table 1 • 
Example 21; 

Propylene polymerizations at 80 ®C 

Following the usual procedure, Tmmol of TlBA and 585 g of propylene were charged in a 2 
L reactor, then heated to 80 **C. 0.5 mg of B-3 was dissolved with 1 .07 mL of a 10 % MAO 
solution (L82 mmol Al) in toluene and then diluted with toluene (total volume 3 mL), aged 
10 min and injected into the reactor. The polymerization is stopped with CO after 60 min at 
80 °C. The results of polymer analysis are shown in Table 1. 
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Emmples 22-23 

Prppylene polymacization was carried out according to the procedure reported in Examples 9-11, 
vdfti fhe difEereoice that B-4 was used as catalyst instead of B-1 

Polymerization data, yields and characteristics of the obtained polymer are r^orted in Table 1 , 
Examples 24 

Polymerization wife supported catalysts 

1200 g of liquid propylene were loaded into a 4.25-L stainless-steel stirred reactor at 30 **C, 
followed by 1 mmol of TIBA in hexane used as a scavenger. 200 mL of hydrogen were added 
before the catalyst '650 mg of the solid catalyst prepared in «?cample 8 was then injected into 
the reactor by means of nitrogen overpressure Hirough a stainless-steel vial» and fheii the 
temperature of the reactor was raised up to the polymerization temperature in 15 min. 
After one hour> the polymerization was stopped by venting and cooling the reactor, and the 
amorphous product collected and dried 

Polymeriization data, yields and dbaxacteristics of the obtained polymers are summarized' in Table 
1. " • 
Examples 25 

Propylene polymerizations at 80 ®C 

Following the usual procedure, 1 mmol of TIBA and 585 g of propylene were charged in a 2 
L reactor, fhesa heated to 80 ®C. 1.5 mg of A-1 was dissolved with L07 toL of a 10 % MAO 
solution (1.82 mmol Al) in toluene and tihen diluted with toluene (total volxmie 3 mLX aged 
10 min and injected into the reactor. The polymerization is stopped with CO after 60 niin at 
80 ^C. 85 g of rubbery, amorphous polypropylene w^ recovered, corresponding to a catalyst 
activity of 56.6 kgpp/(geapdi). The results of polymer acilysis are shown in Table 1 
Cotnparative examples 26-28 

Propylene polymerization was canied out according to the procedure reported in Bsaro^les 9-1 1, 
with fhe differmce feat dimethyMlyl(tert-butylarnido)(tetramethylcyclopentadienyl) titardum 
dichloride was used as catalyst instead of the titanium complex of fhe inventioiL 
Polymerization data, yields and characteristics of the obtained polymer are reported in Table 1. 
The obtained result demonstrates that fhe titanium complexes of the invention are able to exert 
polymerization activities superior to the one of constrained geometry catalysts known in fhe state 
of fhe art • 
Comparative example 29 
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Piop^ime polyzaetdzaiion was canied out according to the procedure reported in Example 9 wifb 
the. difference that dmethykilyl(tert-butylaniido)(tetrameihylcyclope^ titanium 
dichlpiide was used as catalyst instead of the titanium complex of the invention, 
mixture. Polymerization data are rqwrted in Table 1. 
Comparative example 30 

Propylene/ethylene copolymerization was canied out according to the procediire reported m 
Example 9 with the diffarence that 4,5 g of ethylene were added to fiie reactor before adding 288 
g of propylene, dimethylfiilyl(tert-butylamido)(tetramethylcyclopCTitadieuyl) titanium 
dichloride (obtained by Witco) was used as catalyst instead of the titanium complex of the 
invention, and 15.7 g of ethylene were fed into flie reactor over the polymerization time of 1 
hour in order to maintain a constant pressure of 25,6 bar-g (of which 0.3 bar are due to 
nitrogen). The resulting copolymer has an ethylene content of 4.5 %yd ("c NMR), the other 
polymerization data are reported in Table 1. 
Comparative examples 31-32 

Propylene polymedzation was earned out according to the procedure reported in Bxamples 9-11, 
with the difference &at dimethylgiIyl(t6rt-butyIamido)(indenyI) titanium dimethyl was used as 
catalyst instead of the titanium complex of the invention. 

Polymerization data, yields and characteristics of the obtained polymer are reported in Table 1. 
The obtained result demonstrates that the titaanum complexes of the mveation are able to exert 
polymerization activiliessi^edar to the one of constrain state 
of the art 

Comparative example 33 

Propylene polymerization was canied out according to the procedure rq)orted in Exaanples 9-1 1, 
with the dififeraace that dimethylsiljd(tert-butylanrido)(2-methyI-indenyl) titanium dimethyl 
was used as catalyst instead of the titaxrhmi complex of the invention. 
Polymerization data, yields and characteristics of the obtained polymer are reported ia Table 1. 
The obtained result demonstrates fliat the titanitim complexes of the invention are able to exert 
polymerization activities si^erior to the one of constrained geometry catalysts known in tiae state 
of tile art 
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1 
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5.97 
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B-l 
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1000 


60 


30. 


49.4 


3.14 


72.4 
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<0.5 


11 


B-1 


0.7 


1000 
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26.9 


3.06 


69a 


48.4 


<0.5 
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B-l 
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500 
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60 


37.9 


4.69 


- 


- 
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13^ 


B-i 


1 . 
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SO- 


60 


!2^ 


1.84 
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- 




B-1 
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1000 


SO 


30 


8L7 


.2.41 


- 
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- 


15*" 


B-3 


1.4 • 


loop 


60 


37 


530 


3.65 


72.2 


51J 
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16 
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70 
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4.92 


- 
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20 
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60 
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1000 


60 


60 
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a) Ha = 100 mL; b) €{ = 4,1 k 4.25 L reactor, d) d' = 17 g; e) diDQethylsflyl(tesrt- 
Kiif yipTT«r^n) (tefrftTnftihylcyclopeatadifinva titaninm dichloride (Witco); f) mg of supported catalyst; 

*coniparative. 



41 



wo ovssm 



PCT/£POyO0339 



CUJMS 

1. A piocess for |HX)dticmg substantiaJly amozphous prqryieae hocnopolymers or cqpolyxners 
cocaprising contactmg prop3deae, optionally in lie presence of one or more olefins 
selected ftom the grotqp consisting of ethyteoe^ alpha-olefins of fonriula CH2=CHR' 
vdaerein is a linear or branched, C2-C10 alkyl or non conjugate .dioleSos containing xsp 
to 20 caiboh atoms, nnder polymerization conditions "with a catalyst system comprising: 
A) a titanium coniplex of formula 0): 




wherein: Ti is titanium; 

X is a nitrogen (N) or phosphorous (P) atom; 

Z is a C, Si or Ge atom; 

the groups equal to or different from each other, are selected from the groirp consisting 
of hydrogen, linear or branched, saturated or unsaturated Ci-Cizo alkyl, C3-C20 cycloaUcjd, 
C6-C20 aryl, CrC2o alkylaryl and C7-C20 arylalkyl optionally containing Si or heteroatoms 
belonging to groups 13 or 15-17 of the Periodic Table of the Elements, or two groups 
form together a C4-C7 ring; • 

is an atom selected from fee group consisting of NR^, oxygen (O), PR'' or sulfur (S), 
wherein (he group r! is selected from the group consisting of linear or branched, saturated 
or unsaturated, C1-C20 aliyl, Cs-Cao aiyl and CrC2o arylalkyl radical; 
the groups R^ and R^ ,equal to or diflferent from each other, are selected from the group 
consisting of hydrogen, halogen, -R, -OR, -OCOR, -OSO2CF3, -SR, -NR^ and -PR2, 
wherein R is linear or branched, saturated or unsaturated CrC^o alkyl, 03-020 cycloalkyi, 
C6-C20 aryl C7-C20 alkylaryl or C7-C20 arylalkyl radical^ two R can also fonn a saturated or 
unsaturated C4-C7 ring," or R^ and R^ fonn a condensed aromatic or aliphatic C4-C7 ri^ig 
that can be substituted with one or more R^ groups, wherein R' is selected from the groip 
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consisting of halogen, -R, -OK, -OCOF, -OS02C3?3, -SR, -NRa and -PRa, wherein R has 
the meaning reported abov^ or two vicinal R^ ffxywps form togefter a condensed aromaiic 
or aliphatic C4-C7 ring; 

the groins R^, R^ and R^^ equal to or different from each ofher» are selected &om the group 

consisting of hydrogen, halogen, -R, -OR, -OCOR, -OS.O2CF3, -SR. -NR2 and -PRa, 

wherdn R has flie meaning reported above, or R* and R^ R^ and R^ or R^ and R^ foxm 

toge^er a condensed C4-C7 ring that can be substitated with one. or more R groups; 

the group R^ is sdected from the group consisting of a linear or branched, saturated or 

unsaturated Ci-Cao alkyl, Ce-Cao aryl and C7-C20 aiylalkyl radical, optionally containing 

hsteroatoras belonging to groups 13 or 15-17 of the Periodic Table of the Elements; 

the substituents L, equal to or dijBferent from each other, are monoanionic sigma ligands . 

selected from £he groTjp consisting of hydrogen, halogm, -R, -OR, -OCOR, -OSO2CF3, - 

SR. -NRa and -PRa, wherem R has the meaning reported above; 

is selected from the group consisting of C3l^ or Y^; and ^ 
m is 0 cm: 1; whan the group Y^ is a CR' g!:oup m is 1 and the 6 memb^ed ring fanned is 
an aromaiic benzene ring; when Y^ is different from CR^ m is 0 and the carbon atom 
bonding the R* groi^ is directly bonded to fee cy^ 
a 5 membered lings 
and 

(B) an activating cocatalysL 

The process according to claim 1 wherein the titanium oon^pleK has formula (HI) 




ODD) . 

wherdn Z, Y\ L, R\ R^ R^ R^ R^ R^ and B} have the meaning reported in claim 1 
with the proviso that R^ and R^ do not form a condensed aromatic Ce ring. 
The process according to claim 2 wherein in the titanium complex of formula (m) 
X is a nitrogen atom; tiie divalent bridge >ZRS is preferably selected from fee groiip 
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canaistmg of dimetiiylsilyi, diphenylsilyl, diethylsilyl, di-n-piopyisilyi, di-isopropjteilyl, 
di-x^butyl-silyl,: di-t-butyl-silyl, di-n-hwcylsflyl, ethylmefhylsilyl, n-hexylmetih34silyl, 
cyclopentamefliyienesilyl, cyolotetramethylenesilyl, cyclotrimethyieaesfljd, mefhjdeae, 
dimefliylmefiiylene and diethyhnefliyleae; 

is N-methyl, N-efiiyl or N-phenyl; 

is hydrogen, mefftyl, eflijfl, propyl or phenyl; 

is hydrogen me&yl or phenyl; 
R"* and R^ are hydrogen, methyl; 
R^ is hydrogen, mefhoxy or ter&utyl; 

■pj ig selected from the group consisting of methyL ethvL n-propyL isopropyl, n-butyl t- 
butyl, phenyl, p-n-butyl-phenyl, b^izyl, cyclohexyl and cyclododecyl; 
• the substitoents L, equal to or difierent from each other, are preferably halogen atoms, 
linear or branched, saturated or unsaturated C7-C20 alkyiaiyl, Ci-Cs aDcyi groups or OR 
wherein Ris defined as in claim !• 

The process according to claim 1 wherein the titanium complex has fimnula (IV) 




(TV) 

wherein X. Z, Y^ L, R\ R^ B?, R^ R^ and R^ have the meaning reported in claim 1 and k 
ncnges from 0 to 4* 

The process accarding to claim 4 wherein in the titanium complex of formula (T/) 
X is a nitrogen atony the divalent bridge >ZR\ is selected from the group consisting of 
dimethylsilyl, diphenylsilyl, diefhylsilyl, di-n-propyisilyl, di-isopropyisilyl, di-n-bxrtyl- 
' silyl, di-t-butyl-silyl, di-n-hexyisilyi, ethyhnethylsilyl, nrhexyhnelfaylsilyi, 
cyclopentamethylenesilyl, cyolotetramethylenesilyl, cyclotrime&ylenesilyl, methylerie, 
dimethyhnefhylene and diefhylmetiayleaB; 
is N-methyl, N-ethyl or N-phKi3d; 
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. k is 0 or 1 and is 2-nieiJiyl, 2-me£hoxy; 

is selected &om the gcaup consisting of meftiyl, efhyl, n-propyl, isopropyt n-butyl, t- 
butyl, phenjd, p-n4)nlyl-phenyi, benzyl, cyolohexyl and cyclododecyl; 
R^ R^ aiid R^ are hydrogen atoms; 

the substitoeots equal to or different from each other, are halogen atoms linear or 
branched, saturated or unsaturated Ci-Q alkyl, C7-C20 alkyiaiyi groups or OR wherein R is 
defined as in claim 1. 

The process according to claim 1 wherein the titanium complex has formula (V) . 




(V) . 

wherein X, Z, L| Y\ R\ R^ R^ R^ R^ and R^have the meaning reportedin claim 1. 
The process according to claim 6 whecdn in the titanium complex offominla (V): 
X is a nitrogen atom; &6 divalent bridge >2IR'z is preferably selected fiom the group 
consisting of dimefhjdsiljd, diphenylsilji diethylsilyl, di-n-propylsiljd, di-isqpropylsilyl, 
di-n-bntyi-silyl, di-t-batyl-sil>1, di-n-hexylsilyl, ethyhnethylsilyl, n-hescylmelhylsilyl, 
cyclopentamethyienesilyl, cyclotetramefttylenesilyl, cyclotrimefihylenesilyi, mefhylene, 
dimefhjdmethylene and dieihyfanethylene; 
two are the same groiq); 

R^ is hydrogen, methyl, ethyl, propyl or phenyl; and R"^ is hydrogen or R^ and R^. form a 

condensed benzene ring that can be substituted with one or more R groiQ)s; 

R^ is hydrogen and R* is hydrogen methyl, ethyl, propyl or phenjd or R* and R^ form a 

condensed benzene ring that can be substituted with one or more R groups; 

R^ IS preferably selected from the group consisting of me&yl, ethyl, n-propyi, isopropyl, n- 

butyl, t-butyl, phmyl, p-n-butyl-phenyl, benzyl, cyclqhexyl and cyclododecyl; . 

the substituents L, equal to or different from each oth^, are preferably halogen atoms 

linear or branched, saturated or unsaturated C7-C20 alkyiaryl, Ci-Ce alkyl groups or OR 

wherein R is defined as in claim' 1 * 
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g. The process according to any of claims 1 to 7 wherdn the cocatalyst is selected fioiri the 
groi^ consisling of alumoxanes or compounds cqsable of forminjg an dSkyl metallocehe 
cation. 

9. The process according to any of claims 1 to 8 who^ the catalyst system is siqpported 
on an inert carrier, 

10. The process according to claim 9 wherein the inert carri^ is selected &om the group 
consisting of siHca, aliunina, magnesium halides, olefin polymers or prepolymers. 

IL The process according to claims 9 or 10 wherdn the catalysts system is supported , by 
depositiog the titanium cxjmplex (A), or the reaction product of the titanium complex 
(A) Vrith the cocatalyst (B), or the cocatalj'st (B) and successively the titanium complex 
(A), on the inert support. 

12. The process according, to any of claims 1 to 11 wherein the process is carried out in 
gaseous phase. 

13, Atitanium complex of formula (I): 




wherebi X, Z, L, Y^ m, K\ R^, R?, R\ R^ and R^ have the meaning reported in 
claim 1« 

14. The titanium corqplex accordrng to claim 13 having formnla (PI): 
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whexdn X, Z, Y\ U R^ R^, R^ R^ and R^ have the meaning reported in claims 2 
or3. 

15. The.titaraum coraplex according to claim 13 having &miula.(IV): 

crV 




(TV) 



wherem X, Z, Y', L» R?, K*, R^ R*, R^ R'^ and k have the meaning reported in dainis 4 or 
5. 

1 6. The titairitim con^lex according to claim 13 having icmnula (V): 




...... CV) 

wherein: X, Z, L, Y'^^, R\ R^ R'', R*, R* and R^have ttie meaning rQ)orted in claims 6 or 7. 
17. AligandoffbrraulaCn): 



I R-* 




Y^-^ R^ 



whfiranX, Z, m, Y\ Y^, R', R^, R^ R*, R^, R^, and R* have the meaning reported in claim 
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1. 

18 The ligand according to claim 17 having fonnula (Ilia): 




cma) 

wherdn X,Z,Y\k\ T3?, R^ K*, R^ and R^ have the meaning reported in claim 2 or 3 . 
19. The ligand aocordiog to claim 17 having formula (TV a): 




(IVa) ■ 

whardnX, Z,Y^R^R^R^R^R^R^ and k have tiiemeaimig reported in claims 4 or 5. 
20. The ligand according to claim 17 having fonnula (V a): 




. (Va) 

wherein X, Z, Y^ R', R^ R^R'', R^ and R^have the meaning reported in claims 6 or 7. 
21. Aprocessforprepaiing the ligand of fomiula(iI) 
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(H) 

wterein X, Z. m. R\ K\ R^ R^ R^ and R^ have liie meaning reported in claim 

1, ccmpising the fonowing steps. 

. i) reaotingabono?)oimdof&rmid^ 




wherein Y^ m, Y^ R^, R^, R"^, R^ and R^ have the meaning reported above, • 
wilh at least one equivalent of abase and then contacting the obtained compound 
with a compound of formula R^2ZY^, wherein R* and Z have the meaning 
reported in claim 1^ Y^ is a halogm atom and Y^ is an halogen atom or a group 
R^XH wherein R^ and X have Ihe meaning rqported in claim 1 and H is 
hydrogen; 

ii) if Y^ is an halogen atom^ reacting the obtained product with a coropound of 
formula R^XHi wherein R^ and X have the .meaning reported in claim 1 and H. 
is hydrogen, and recovering the product. 
22. A process for preparing the titanium complexes of formula (J) as described in claiml 
comprising: reacting a ligand of formula (H) as described in claim 17 with a compouaad 
. able to fomoL a delocalized dianion on the cyclop^itadienyl ring and on the group X as 
described in claim 1, and fhexeafter with a compound of formula TiL*4» wherehi Hie 
substitue^ U are halogen or -OR, v^erein R has tlie meanmg reported in claim 1. 
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